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V,  PREFACE 

This  book  is  prewnted  in  lieu  of  a  new  edition  of  the  "  Hutd-  "- 
book  of  ConatructioD  Plant "  wbich  was  pttbliahed  in  1914.     Three 
paragraphs  in  the  preface  of  that  book  oatlined  the  plan  of  the 
work  in  the  following  terms : 

"  My  principal  reaeon  for  thinking  that  these  not«e  would  be 
UBeful  to  others  is  that  I  found  them  all  but  indispensable  in 
my  own  practice,  and  not  available  in  other  form-  My  justifica- 
tion for  the  alphabetical  method  of  classiflcation  is  that  this 
BCheme  admite  of  more  rapid  anvlce  on  my  desk  than  any  other 
and  I  have  attempted  to  supplement  this  arrangement  by  a  Tery 
full  index.  For  encouragement  in  this  plan  of  procedure  I  am 
indebted  to  many  of  my  engineering  frkatds,  who  have  aided  by 
suggest  ions  and  useful  criticiBmB. 

"  Finally,  the  iceynote  of  the  book  has  been  practical  utility  to 
the  man  who  has  to  buy,  aell  or  use  construction  plimt,  or  who 
needs  to  know  what  can  be  done  with  it.  The  existing  facta  in 
the  shortest  time  on  tile  reader's  part,  rather  than  interesting 
theory  and  clever  comparisons  have  been  kept  most  in  mind.  Be- 
cause of  this,  a  targe  wealth  of  material  that  would  probably  be 
of  intotse  interest  to  the  economist  and  the  engineering  student 
has  been  put  aside  tor  publication  some  time  later  if  it  seem  de- 
sirable, but  for  which  there  is  no  spaee  in  this  volunie,  which  has 
grown  to  just  double  the  size  originally  planned  for  it. 

"  A  more  general  idea  of  the  scope  of  the  work,  its  field  and'  its 
limitations  may  be  found  in  the  introductory  chapt^  which  fol- 
lows the  preface.'' 

The  trend  of  evolution  in  constrtiction  equipssent  is  to^rard 
simplification  in  the  design  irf  each  individual  machine,  and  a  more 
specific'  adaptation  of  such  design  to  special  uses.  Consequently, 
the  number  of  types  of  equipment  is  growing  year  by  year,  and 
each  type,  for  it«  particular  use,  is  more  efficient  than  its  predo- 
ceaaor.  Wherefore,  it  IjehOoves  anyone  having  to  do  with  con- 
struction equipment  to  be  up-to-date  in  knowledge  of  what  is  avail- 
able in  the  line  of  equipment,  what  it  costs,  and  how  to  uae  it. 

The  prices  have  been  revised  as  of  19C0.  A-considerabls  amount' 
of  the  old  material  which  experience  in  estimating  has  shown  to 
be  of  leds  than  the  average  utility  has  been  dropped  from  the  book 
altogether,  and  about  twice  as  much  material  as  mode  iqt  the  old 
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bode  liaa  been  tkdded  to  make  the  "  Sandbodk  'of  Construction 
Equipment  "  about  three  times  ss  large  in  content,  while  only 
eli^tlj  more  bulky  in  volume,  than  the  "  Handbook  of  Conetruc- 
tion  Plant." 

The  reader  is  very  particularly  referred  to  the  introductory 
chapter  which  should  be  read  by  every  engineer  and  contractor 
who  buys  the  book,  because  in  this  chapter  have  been  carefully 
brought  together  a  number  of  hints  and  suggestions  as  to  the  use 
of  the  material  for  the  purposes  of  the  eetimator.  In  a  book 
such  ae  this,  containing  a  great  many  prices,  the  qticfition  is  con- 
tinually being  asked:  "Are  the  prices  up  to  date;  and,  if  not, 
Vhat  factors  should  be  applied  to  make  them  so  ? "  The  data 
of  this  book  are  ao  fully  given  that  the  reader  can  readily  make 
the  necessary  adjustmoits  to  fit  the  conditions  of  his'  locality 
and  time  if  he  will  study  carefully  this  chapter,  entitled:  "(Jen- 
eral  Principles  Applying  to  Equipment."  Eirois  in  aatimating  are 
generally  due   to  ooe  or   more,   usually   more,   of   the  fallowing 

(1)   Failure  to  visualise  the  conditions  of  the  work. 
{2)   Failure  to  correctly  gauge  the  trend  of  prices. 

(3)  The  inadvertent  omission  of  items  because  of  incomplete 

lisU. 

(4)  Alterations  in  design   after  the  estimate  has  been  made, 

under  the  assumption  that  the  estimate  provtdes  enough 
leeway  to  cover  them. 

(6)  Blunders  in  computation. 

(0)   Chance  or  aecident,  which  cannot  be  altf^thw  provided 
against  by  insurance. 

(7)  Erroneous  information  as  to  conditions,  such  aa  the  work- 

ing capacity  of  equipment, 

(8)  Bias,  or  the  unconscious  leaning  due  to  an  effort  to  make 

tJie  estimate  come  to  a  certain  figure. 

It  is  believed  that  if  the  general  principles  of  the  chapter  re- 
ferred to  be  k^t  in  mind  the  present  volume,  with  ita  larger 
scope,  will  be  more  effective  even  than  its  predecessor  in  helping 
to  remove  the  dilBcolties  suggested  by  the  above  list  of  causes. 
If  this  be  accomplished  the  author's  hopes  will  be  more  than 
satisfied. 

My  sincereet  acknowledgements  are  due  to  Mr.  J.  G>  Breaznell 
of  the  Conatruction  Service  Company  for  his  painstaking  and 
moat  eseellent  work  in  checking  over  pricea,  reducing  them  to  a 
1920  basis,  and  in  gathering  together  a  vast  quantity  of  this 
material. 

Rich  ADD  T.  Dak/ 

IS  William  St«eet,  Neiw  York,  N.  Y. 


Oenebu.  Pbisciples  AppLriNO  to  Equipmeni  ....  I 
Snbetitutlon  of  equipment  for  hand  l»boT — Varia- 
tion of  equipment  priciti  and  labor  costs — Index  prices 
of  wholesale  c<HiunoditieB — Effect  of  war  on  prices — 
Ubb  of  cost  data— Depreciation  of  equipment — Method 
of  figuring  costs  and  cooditioas  governinK  the  proper 
selection  of  equipment — Object  of  the  booK. 

AiB  CoieFBEaB<»i 11 

General  use  of  air  compressorB — Air  consamption  of 
drills — ComprMsed  air  plant  for  contracting — TypcB 
of  air  compressors — Cost  of  compressor  installation — 
Auxiliarj  necbiner;  for  compressor  plant — Portable 
air  oHnpresBors — Care  of  compressors — TransmisBion 
of  compressed  air. 

ASBESTOa. 38 

Asbestos  building  felt,  board,  wood  and  cemmt. 

Asphalt  Plasts     ■ 39 

Portable  asphalt  plants-^ost  of  laying  asphalt — 
Municipal  repair  plants — Asphalt  paving  and  repairing 
equipment — Asphalt  tools. 

Autouoiiii^s         49 

Passenger  cars,  depreciation  and  cost  of  maintaining. 

Backfillibo  Machines SI 

Dragline  backfilling  machines — Backfilling  wagons — 
Baclcfllling  with  a  road  roller. 

Bab  CcTTsaw sa 

Manufactured  and  home  made. 

Badges  and  Scows -"iT 

I^pea  of  barges — Cost  n«w  and  maintenan^  coBt« 
of  barges — Steel  bargest— Comparison  of  steel,  untreat- 
ed and  treated  wood  barges — Quarter  boats. 

Babb .70 

Crow,  lining,  claw  and  tamping  Iwrs.  '    ' 

Beltinq  fob  Powbb  Pubpohkh 70 

Leather,  rubber  and  canvas  belts — Link  belts.  >[^ 

Tii 


Bbndinq  Machines 

Bar  and  stirrup  benders — Bar  crimperH — Angle  bend- 
ers— Power  beading  machicea — Home-made  devices — 
Pipe  bending  macbinea. 


Portable  bina — Gravnl    screens — Portable    bina   ioT 
concrete  aggregates. 

Blacksuith  Shop  Outfit 

Tools  in  outlit  for  general  work. 

Blasting  Machines  and  Supfligb 

Blasting  machine)^ — TTiBwini?  kettles — Augers — Cape, 
fuse,  wire,  etc.,  for  blasting — Blasting  mate. 

Blocks .     .     .     . 

Metal  and  wooden  blocks  for  wire  and  manila  rope. 

BlL'b  Pbint  Machines 

Macbines,  frames  and  racks  for  blue  prints. 


Types  of  boilers  tor  construction  plant — Care  of  boil- 
era — 'Boiler  room  tools. 

Bbick  Eattleb 

Buckets 

l^pes  of  buckets — Bucket  handling  machines — Buok- 

et    excavator — Bucket    dredges — Cost    of     operating, 

bucket  dredges. 

Bim-inNoB 

Portable  buildings — Dry  bouse — Car  camps— Porta- 
ble bunk  houses — -Description  of  construction  camp — 
Metal  garages. 

C.lBr.KWATB 

Description,  use  and  cost  of  cablewaya — Types  of 
carriers — Towers  for  cableways — A  rock  transporting 
cableway. 

Cabs  ■  .     . 

Types  of  dump  cars — Cost  of  handling  earth  on  cars 
— I^e  of  cars  used  in  concrete  plant — Depreciation 
and  repairs. 

Use  of  carts — Cost  of  handling  earth  tfith  cart^- 

Types  of  carts — A  motor  cart. 


CONTENTS  ii 

Ceuent  Gun 162 

Deeo'iption  And  operation  of  cemrait  gnn— Coat  of 
cement  gnn  work. 

Cement  Testiho  Appabatus 150 

Chaihb 160 

Cost  of  chftin — Tftble  of  weigh tB,'atreiigtb,  etc.,  of 

Chain  Blocks   .     .     .     , 163 

l^pes  of  chain  blodu — Care  of  chain  blodie. 

Chutes 165 

Kinds  and  uses  of  chutes, 

ConcHETE  Placing   Eqtjipmest 167 

Buckets,  hoppers,  chutes  and  equipment  for  gravity 
placing  planta^^omparison  of  steel  and  wooden  towers 
— Description   of   portable   plant — Gravity  plant  on  a 

CtoNCBETE   SlMlWALK   AND   CUKB    FoBMS 181 

Forma  and  tools  for  sidewalk  and  curb  work. 
CoNVETOES 186 

Belt  conveyors — Equipment  for  conveyor  Bystems — 
Elevators — Ctoat  of  operating  conveyors — Portable  con- 
veyors. 

Crushebs    ■ ,.206 

Types  of  cruBhers — Portable  rigs — Repairs  to  crueh- 
ers-— Cost  of  crusher  plantB — CompariBon  of  jaw  and 
gyratory  cruBhera. 

Debbicks         23T 

l^'pes  of  derricks — Cost  of  derrick  work — Sppcial, 
uses  of'derricItB — Coat  of  derrick  repairs. 

DiviNO  Outfits 249 

Description  of  outftts — Selection  of  diving  apparatus 
,   — Notes  on  diving. 

Drao  Scbapeh  E^oavatobs  254 

Description  of  encavators — Coat  of  scraper  work— 
Type*  of  dras  sera pers— Buckets  for  use  witli  drag 
acrapera— Cable  way  excavators — Tower  excavators — 
fielf -contained  machines  or  draglines — Cost  of  dragline 

DBA  WINS   B0ABD6 282 


Ubbwbs 283 

Type*  of  dredge* — Cost  of  dredge  excavKtion — Oper- 
ation of  I'.  S.  Army  dredges — Ijidder  dredgee — Hy- 
draulic dredges — Selection  and  operation  of  dredging 
equipment. 

Drills  331 

Types  of  hand  drills— Electric  air  drins—Coflt  of 
drill  repairs — Drill  sharpeners— Submarine  drilla-" 
Drill  wftgonB — Channelern — Piston  drills — Clium  drills 
— Cost  of  drilling — ^Auger  drills — Waah  boring — Dia- 
mond drilling — Shot  driltit — Sounding  rigs — Sand 
pumps. 

Electkic  MOTOB0 360 

Alternating  and  direct  current  motors. 
El.EVATlNO    Obadebs 364 

Engines 367 

Types  of  steam  engines  for  construction  plant — Es- 
timating borse  power — Gasoline  engines — Care  of  gas- 
oline engines  in  freezing  weather. 

EsPLOBiVES 373 

Kinds  and  uses  of  explosives — Explosives  store 
houses — Magazines. 

FiBE  Equipment 380 

Chemical  enginee — Extinguishers — Fire  hose  and  fit- 
tings. 

FoBGES 383 

FORRR         383 

Forms        384 

Building,  wall  and  foundation,  and  column  forms. 

FuBNACES  AND  Kettles 385 

Types  of  furnaces  and  kettles, 

fJBADiNQ    Machines        3B8 

Types  of  scrapers  for  grading— Handling  of  earth  hy 
wheel  and  Fresno  scrapers — Road  drags — Graders — BuU- 
dosins^ Spreader  plows — Shrinkage  of  earth  embank- 
ments. 

Heatebh 427 

Gravel  heaters — Sand  dryers — Rigs  for  thawing 
ground. 


CONTENTS  xi 

HoiSTiNQ   Ekoines 43} 

Steun  and  electric  hoisting  engines — Cost  of  operat- 
ing hoists — Gasoline  hoists — Air  hoist — Traction  pow- 

HoiSTB  444 

Materi&l  elevators  and  building  hoistg. 

IIOBSES   AND  Muucs 443 

Cost  of  maintaining  horses  and  mules — Estimating 
the  cost  of  teaming. 

Hose 457 

Water  and  steam  hose. 

HYi>B&tn.io  MiKino  Guntb 450 

Jacks         481 

Hydraulic  and  screw  jacks. 

l^AD 4«B 

Lead,  leal  wool  and  leadite— Cost  of  pneumatic 
callcing. 

LEvn.B 485 

Lights 465 

Contractors'  lights  and  torches — Port((J)le  electric 
lighting  plants. 

LocouonvB  Chanbb -  471 

Types  of  cranea — Tractor  cranes — Auto  cranes — Pile 
driving  att«ch|neatB. 

LocouonvEB  477 

TractiTe  force  of  locomotives — Types  of  locomotives 
for  construction  work — Gasoline  locomotives — Life  and 
maintainance  costs  of  locomotives. 

MiCKiira  Shop  Outfit 486 

Lathes,  eto.,  for  contrators'  shop — PortAble  shop 
monntfld  on  auto  ctousia — ^top  boat& 

MiXEBs 493 

Classes  of  concrete  mixers — Heating  attachment 
for  mixers— 4r«st  and  repairs  of  miners — Floating 
mixer  plant— Pneumatic  mixer. 


jdi  CONTENTS 

MoTOB  Tbucks 

Formulae  of  U'anBpartsti<Hi  co«t« — Bodies  for  tmcke 
— V»m  of  trucka — Cost  of  truck  operation — Cost  of 
operating  trucks  and  trailers — Other  coets  of  truck  op- 
eration. 

Paint  Sfbayino  Equipment 

Spraying  outfita^TeBte  of  machineB. 


Photoobapht G35 

Use  of  photography  in  construction  work. 
Picks  and  Mattocks 636 

PlEB  A:5D   FOL'NDATIOS   EQUIPMENT 637 

Cost  of  erecting  piers  and  foundations. 
Pile  Dbivers 640 

Types  of  drivers — Cost  of  pile  driving. 
PiLl?io 547 

Coat  of  sheet  and  round  piHng-^Metliod  of  pulling 
piling — Types  of  sheet  piling — Ooncrcte  piles. 

Pipe 664 

Pipe — Cost  of  pipe  laying — Equation  of  pipea. 

Pipe  Link  Tools 572 

Pi,A\T  Rental  CRAitGEa 574 

Rent  of  construction  equipment. 

Plows        .     - ...■..,.  684 

Types  of  plows  for  construction  worlc.^-Cost  of  rip- 
ping pavnnent  with  plows. 

Post  Hole  Diogehs 588 

Power  :     ....  539 

Compsrativc  cost  of  gasoline,  steam,  gas  and  eleC' 
tricity  for  small  powers. 

Pumps .     .     .     .  , 697 

ClaHsitication  and  uf<e  of  pumps — Pulsometer  pomps 

— Hand  pumps — Pumping  units. 

Rails  and  Tracks         ,,.■,. Oil 

Rail   and   track  supplies — Depreciation   of   track- 
Portable  railways. 


CXJNTEKT8  iiii 

Rarxs .  ftl6 

BETBiaEBATiNa  Plant .     .  '  .  617 

Rn-ETiNQ  Guns .617 

Road  Making  Equxfuent 019 

Equipment  and  cost  of  road  construction  plant. 

Rou-EBS 623 

1^1)69  of  rollers— Coat  of  maintenance  and  opeiation 

of  steam  follers — Cost  of  operating  a  gaaoline  roller. 

BOPE ,    .      .630 

Kinds  of  wire  rope,  dimensions  end  strengtha — Life 
of  wire  cable — Directions  for  splicing — Manila  and 
sisal  rope—Tenaile  strengths  of  manila  and  wire  rope 
compared. 

Sard  Blast  Machines 652 

Cost  of  equipment — Coat  of  Band  blast  work. 

Sand  and  Gravel  Washers .853 

Saws ....  654 

Portable  tiaws,  woodworkers  and  saw  rigs — Saw 
mills — Outfits  tor  cutting  off  piles. 

ScAi.ES  660 

Portable  and  track  scales. 

SCABiriEBS      .'...:.■.,.  062 

Types  of  scarifiers — Coat  of  ripping  pavement  with 
scarifiers. 


--         Safid    and    coal    screens — Home-made    wagon    side 

Shovels 

Hand  ahovels — Stud;  of  shoveling  as  applied  to  min- 
ing— Steam  shovels — Results  of  extensive  study  of 
ehovel  wort — Gasoline  shovels — Electric  shoTels— -Co*t 
x>f   shevel   work — Erecting   a,  shovel — Derrick   excava- 

Skits 

Stone  and  cahleway  skips. 

SUXMEB    AND    HaUUEBS ,        .        .        .        . 

SpBINBXEtie  ,  .        .        .  .        ■,■!•■        -r      - 

Sprinklers  and  road  oiling  machines.  <<H><;k 


CONTENTS 


Stoke  Boatb 
Stump  Pullbbs  . 


TVpea  of 
metiiods. 


puUerB— Cost  ol  clearing  Und  by  \ 


SuBvBTiHo  ASD  EvQnuEaasa  Equipueht 741 

Iahpbbs 742 

Types  of  tampers — Cost  of  machine  and  band  tamp- 
ing compared — Air  rammers  and  tamperB. 

nxEPnoiiEs  AND  Telephone  Lines         748 

Coet  of  construction  service  line. 

TBNTa  AND  Tent  Equipmbnt 751 

Equipment — Cost  of  framing  and  flooring  tents. 

TiE8  754 

Number  of  ties  required  for  track — Life  and  coBt  of 
ties. 

Tool  Boxes 756 

Tow  Boats    .       -  .i 757 

Cost  and  repairs. 

Tbactobs ■ 760 

Steam  tractors — Coat  of  hauling  with  tractors — 
Gas  and  oil  tractors — Comparison  of  traction  engine 
and  the  horse — Cost  of  hauling  with  team  and  tractor 
engines. 

TBAILEB8 .   767 

Jailer  bodies. 

Tkansttb        772 

Tbenchibo  Macbinks 773 

Types  of  madifBee — Cost  of  trenching — Methods  em-  . 
ployed — Sewer  trenching. 

Trucks 786 

Timber  and  stone  trucks. 

Unloading  Machines 787 

Railroad  plows — Cost  of  repairs  to  unloaders — Port- 
able car  unloader. 


Types  of  trailers — Cost  of  operating  trucks  and  trail- 
:s— Trail  -  '    *' 


CONTENTS 

Waoons 

Types  of  wagons — Coet  of  operating  wagons. 
Waooic  Ijoadehs 

Types  of  loaders — Loadiog  plant — Wagon  loaders. 
Weldiitg 

Thermit    and    acytelene   weilding    outfits — Cost   of 
welding. 

Whcelbabbovs 

Notes  on  tiie  nheelbarrow — Contractor's  wheelbar- 


WmcBEs 

AmnDEE — CLABSimi)    List    or    ConsnucnoN    Equip- 

IfKRT  UAITTJFAimnKRS  AUD  DEALEB8 


c.  Google 


c.  Google 


HANDBOOK  OF  CONSTRUCTION 
EQUIPMENT 

aENEKAl  PSIIICIPLES  APPLTINS  TO  EdUIPHEIIT 

At  the  time  of  this  book  jioing  to  press  there  is  a  labor  Hhortatje 
in  the  United  Slste*,  and  ilie  ratea  of  wagea  are  hij.'her  than  Ihey 
have  ever'lieen  liefore.  Conbeqiienlly,  there  is  a  great  deal  of  ron- 
struction  work  which  cannut  b^'  done  at  all  e\ce|it  by  the  exlen- 
Rive  use  of  equipment,  and  there  i*  other  work  for  whii-h  rnpilai 
is  not  obtainable  unlesa  it  can  be  xhown  that  new  melbodH  bated 
on  the  use  of  equipment  in  plare  of  lalior  will  rexult  in  lower  unit 
coi'tq  than  can  be  hoped  for  by  the  old  methods  under  preM'nt 
i-onditionp,  and  that  we  are  truly  living  in  an  cpor^h  of  manufac- 
tured power  haa  been  elearly  noted  in  the  little  book,  "The  New 
E|)oeh,"  by  the  great  George  S    Morison. 

Ah  a  transformer  of  enrr^v  into  useful  work  man  is  about  the 
least  economical  machine  in  the  world  Working  at  top  speed  he 
can  average  in  a  working  day  not  wore  Ihan  about  Mut^  of  one 
mechanical  h.p.  Compare  tbin  with  the  rate  for  electrical  power 
in  any  civilized  community  and  it  ie  at  once  apparent  what  an 
overwhelming  advantage  is  derived  economically  by  reducing  the 
employment  of  human  energy  to  the  absolute  minimum  consistent 
with  due  coordination  on  the  work  ,  This  means  the  aubntitution 
of  equipment  in  place  of  human  labor  wbel'ever  it  is  podsible  to 
do  80.  Alorenver,  a  h.p  developed  mechanically  is  very  much 
cheaper  than  a  h.p.  derived  from  teamx  and  ituideil  by  drivers. 
Therefore,  wherever  the  same  work  can  Iw  done  by  machinea  that 
would  otherwise  be  performed  by  horses  the  former  is  economically 
pi>rferab1e. 

It  is  neceREiary,  then,  to  know  where  and  when  equipment  can 
be  eubHtituted  for  flesh  and  blood,  what  kind  of  equipment  is 
availnble,  and  two  cost  factors,—  tirst,  how  much  of  an  invest- 
ment is  n<>cef!i'ary,  and  necond.  how  much  the  work  of  equipment, 
itself,  would  cost:  in  other  wordh,  how  much  capital  is  needed 
and  what  would  he  the  unit  coHt  through  the  use  of  the  equipment, 
purchated  or  rented  as  the  case  mav  be. 

I  ■  ,  Civile 
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Tlie  prices  of  equipment  and  the  fob!  of  labor  have  varied  more 
trithin  the  last  four  years  than  at  any  other  time  since  1S64  and, 
consequently,  data  of  cost  of  plant,  or  cost  of  operating  it,  at  any  . 
time  within  the  Ave  year  period  must  be  considered  in  connection 
with  the  dates  at  which  the  data  were  obtained  Commodity 
prices  between  1908  and  1915,  although  showing  a  slightly  rising 
tendency,  were  fairly  stable,  but  from  1015  to  ISIS  average  prices 
of  commodities  increased  from  25%  to  35%  per  year.  In  order, 
therefore,  to  make  the  most  effective  use  of  the  data  in  this  book, 
it  ia  necessary  to  have  a  statement  in  convenient  form  of  the  trend 
of  commodity  prices,  which  is  given  herewith  in  the  diagram,  i 
Fig   I, 

The  index  prices  are  those  derived  from  two  sources;  (I)  From 
1859  to  1889,  the  indeic  prices  are  those  given  in  Senate  Report  I 
No.  1394  on  "  Wholesale  Prices,  Wages  and  Transportation,"  by  ' 
Nelson  VV.  Aldrich,  March  3,  1893.  The  weighted  average  index 
prices  there  given  are  multiplied  by  0,9  to  reduce  them  to  the 
xa'me  base  as  the  index  prices,  of  the  U.  S.  Bureau  of  Labor,  the 
latter  index  prices  being  those  from  ISOO  to  1019,  using  the  year 
1913  as  100.  The  Aldrich  report  index  prices  are  baaed  on  the 
wholesale  prices  of  223  commodities,  weighted  in  proportion  to 
family  budget  expenses.  The  Bureau  of  Labor  index  prices  are 
based  on  the  wholesale  prices  of  102  commodities  in  1890,  aa  given 
in  Bulletin  No.  173,  and  in  the  Monthly  Labor  He  view,.  December, 
1919,  and  January,  1920.  I 

If  the  index  prices  given  in  Dun's  (Mercantile  Agency)  Review 
are  multiplied  by  083  they  will  be  reduced  to  the  same  base  (the  , 
year  1013  being  taken  at  100)  as  that  used  in  this  table.  Dun's 
index  prices  are  the  weighted  average  of  300  wholesale  quotations 
on  commodities  (the  weighing  being  in  proportion  to  annual  pro- 
duction). The  quotations  are  taken  for  the  first  day  of  each 
month,  and  the  resulting  index  prices  for  each  of  the  12  months 
are  added  together  and  divided  by  12  to  give  the  figures  that  ap- 
pear in  the  last  column  of  this  table  for  every  year  from  1898  to 
1910,  inclusive:  but  prior  to  1808  Dun  gives  index  prices  only  tor 
Jan.  I  and  July  1,  of  each  year.  Tlie  numbers  given  in  the  last 
column  of  this  table  from  1800  to  1897,  inclusive,  are  the  index 
prices  on  July  1.  Index  prices  on  July  I  are  ordinarily  i)Utte 
close  to  the  average  for  the  entire  year.  In  not  a  single  year  since 
1893  have  Dun's  index  prices  for  July  1  differed  by  more  than 
4%  from  the  average  for  the  12  months;  but  for  the  years  1363 
to  ISfiO,  it  seems  evident  that  Dun's  indeK  prices  for  July  1 
(which  are  those  given  in  the  table)  are  not  typical  of  the  entire 

This  diagram   is  plotted  on   semi-logarithmic  paper   on  which 
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eimilar  percentages  of  variation  show  up  equally  to  the  eye  re- 
gardlesB  of  the  lucation  of  the  curve  on  the  pa|>er.  Thus,  tor  in- 
stance,  the  Dun  curve  shows  a  relative  increase  between  the  years 
IHflT  and  I!I08  of  6.>%  or  an  alxolute  increase  of  from  C0%  to 
9S%,  A  corresponding  relative  increase  of  0-)%  from  1013  would 
be  Hhown  by  equal  vertical  nieasuremeat  on  the  chart  upward  from 
the  100%  line  indicating  16->%  of  the  1913  prices,  corresponding 
approximately  to  the  prices  of  1017. 

Of  course,  the  prices  of  construction  equipment,  varying  from 
vear  to  year,  «'ill  not  vary  exactly  in  pro]>ortion  to  the  curve  of 
commodity  prices  Init  since  the  weighted  commodity  prices  are 
eenerally  accepted  as  the  l»est  ba^ic  criterion  of  industrial  prices 
generally,  the  intelligent  use  of  this  curve  will  enable  the  reader 
to  make  tlie  most  ^stUfactory  use  of  the  various  data  in  this  book, 
which  have  lieen  compiled  from  a  multitude  of  sources  extending 
over  a  great  many  years.  The  curve  has  been  extended  back  to 
1900  and  may  he  uacd  to  good  advantage  in  estimating  the  prob- 
able trend  of  future  prices  in  view  of  the  close  parallel  between 
the  action  of  those  prices  before  and  after  the  American  Civil  War 
and  the  greiit  World  War.  Note  tbat  the  rise  in  commodity  prices 
from  liH5  lias  been  almost  exactly  parallel  to  the  corresponding 
ri^c  frrim  \HVi2,  Hnd  note,  itlso,  that  the  curve  of  declining  prices 
after  1864  has  been  at  about  the  rate  of  23%  in  ten  years  as 
.   compared  with  a  rise  of   23%   in   about   three  years   before   the 

CoHt  data,  as  distinct  from  price  lists,  are  never  out  of  date 
provided  lliey  are  accompanied  by  snflicient  information  to  Inter- 
pret the  conditions.  In  the  "  Handboolc  of  jMechanical  and  Elec- 
trical Co^t  Data  "  under  the  joint  authorship  of  Mr  Gillette  and 
myBclf  we  said: 

"It  a  unit  cost  has  been  so  analyzed  as  to  show  the  quantities 
of  each  Iciiid  of  labor  and  of  each  kind  of  material  involved  in  the 
production  of  the  yiven  unit,  such  a  unit  co^t  may  be  quite  as 
serviceable  a  generation  or  more  after  its  publication  as  it  was 
when  first  published  Thus,  the  yardase  rosts  ot  excavating  earth 
with  drag-scrapers  and  hornes  which  Elwood  MorriH  published  in 
1841  are  applicable  now,  three-quarters  of  a  cenlury  later;  for  we 
still  use  dragwrapers  for  earth  excavation,  and  we  have  merely  . 
to  substitute  present  team  and  man  wages  for  those  used  in  the 
time  of  Morris.  Curiously  enough  many  men,  even  engineers,  have 
failed  to  see  tbat  'out  ot  date'  cost  data  can  often  be  thus 
brought  up  to  dale. 

"Ratea  of  wages  are  frequently  omitted  in  giving  unit  conts, 
but,  if  the  date  when  the  cost  was  incurred  is  given,  it  Is  Qsnally 
posaiblc  to  ascertain  the  wage  rates  that  then  prevailed.    An  ex- 
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p^rieBced  engineer  often  knows  offband  the  prevailing  rates  of 
wages  that  were  paid  in  any  part-  of  the  country  at  any  given 
lime.  VMitle  it  is  true  that  wages  of  iodividual  workmen  often 
differ  quite  widely  even  in  the  same  locality  and  at  the  same  time, 
it  should  be  remembered  that  thia  difference  is  usually  eoneequent 
upon  their  individual  difTerencea  in  efTiciency.  Tlius,  when  rail- 
way carpenters  were  paid  ?2  50  a  day  and  contractors'  carpenters 
were  paid  $3  00  in  tlie  same  locality  for  the  same  class  of  work,  tlie  ' 
carpenters  working  (or  a  contractor  did  fully  20%  more  work 
daily.  ITence  the  unit  cost  of  carpenter  work  did  not  differ  ma- 
terially even  where  the  wage  diiTcred  20% 

"The  labor  cost  of  installing  a  machine  is  very  often  eBtimat«d 
as  a  percentage  of  the  cost  of  the  machine.  Suppoi^e,  for  example, 
a  given  machine  was  installed  20  years  ago  at  a  lalwr  cost  that 
was  10%  of  the  cost  of  the  machine.  If  the  general  level  of  wages 
and  machine  prices  has  risen  75%  since  that  time,  then  the  ratio 
of  labor  cost  of  installation  to  machine  cost  would  still  remain 
10%;  and  the  lalior  co>,t  data  of  20  years  ago  would  remain  ap- 
plicalile  today  if  applied  as  a  percentage  to  the  present  cost  of  the 
given  machine. 

"The  labor  cost  of  installing  eijiiipment  is  fre^iuently  estimated 
in  dollars  i>et  tun  of  weight.  Although  the  weight  of  a  machine 
of  given  size  and  type  is  seldom  given  in  an  article  containing 
costs  of  machinery  installation,  the  weight  is  usually  aiicertainable 
from  tables  such  as  are  given  in  tliis  Ikh^;  and  then  a  published 
labor  cost  of  installation  of  a  machine  may  be  converted  into  a 
cost  per  ton.  Old  installation  costs  per  ton  may  be  brought  up  to 
date  by  making  proper  allowance  for  the  rise  in  wages. 

"In  making  tables  that  give  the  prices  of  machines  and  equip- 
ment of  dilTerent  types  and  siiiea  wc  have  given  also  the  weights. 
It  is  therefore  possible  to  deduce  fiom  our  tables  the  price  per  lb. 
of  each  size  and  type  of  plant-unit.  Our  prices  were  normal  prices 
at  the  factories  in  1013  and  1D14,  prior  to  the  world  war.  It 
might  seem  at  first  sight  that  these  tabular  prices  will  be  value- 
less at  least  until  the  war  is  ended  and  normal  economic  condi- 
tions are  restored.  Yet  a,  little  consideration  of  the  matter  will 
nhow  that  our  tables  of  equipment  prices  may  be  used  effectively 
now.  To  illustrate,  suppose  it  is  desired  to  estimate  the  present 
price  of  electric  transformers  of  dilTerent  sizes  .Secure  either  the 
price  actually  paid  recently  for  a  given  transformer,  or  secure 
a  quotation,  then  divide  this  price  by  the  price  given  in  our  table, 
and  thus  ectahltsh  the  factor  by  which  to  multiply  other  prices  in 
the  same  table  to  pet  present  prices.  This  proce<Iure  will  save  - 
time  and  trouble.  Moreover,  it  will  be  found  much  easier  to  se- 
cure a  few  quotation)!  from  manufacturers  or  their  agents  than  to 
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secure  as  many  as  may  be  needed  tor  an  approximate  appraisal  or 
a  preliminary  estimate  of  coat  of  a  proposed  plant  unit." 

Kluch  trouble  hag  been  caused  for  eontractj^rs  and  many  engi- 
neers by  a  failure  to  appreciate  in  its  true  iiiiportance  the  mattor 
of  depreciation  of  equipment.  The  subject  is  somewhat  intricate 
and  cannot  be  adequately  discussed  in  a  page  or  two  whereas 
inadequate  discussion  of  it  is  likely  to  be  misleading.  The  reader 
is,  therefore,  referred  to  pages  S2  to  144,  covering  a  full  discus- 
sion of  depreciation  with  very  elaborate  tables  of  the  estimated 
lives  of  plant  units,  in  the  "Handbook  of  Mechanical  and  Electri- 
cal Cost  Data  "  above  referred  to. 

The  problem  of  how  to  carry  out  a  given  plan  of  construction 
at  the  lowest  cost  is  year  by  year  becoming  more  complex,  and 
it  is  becoming  more  and  more  necessary  to  apply  to  it  scientiUo 
methods  in  order  to  meet  the  growing  competition  between  variouR 
men,  methods,  and  machines.  The  contractor  of  long  experience 
who  applies  to  his  work,  even  in  its  simplest  operations  such  as 
moving  earth  by  scrapers,  the  methods  that  he  knows  absolutely 
were  the  beat  ten  years  ago,  is  competing,  whether  he  knows  it  or 
not,  with  men  who  have  developed  up-to-dat«  methods  that  are 
very  likely  to  be  twenty,  thirty,  or  even  forty  per  cent  more  effi- 
cacious or  economical  than  the  beat  old  ones. 

It  is  of  vast  importance  to  know  the  relative  costs  of  difTerent 
methods,  some  of  the  reasons  for  which  it  aeems  worth  while  to 
outline  here.  Before  bidding  on  new  work,  it  is  generally  not 
difficult  to  find  out  what  methods  the  other  bidders  are  accus- 
tomed to,  and,  by  making  independent  estimates  based  on  the 
probable  methods  for  the  most  dangerous  competitor,  to  reach  a. 
figure  that  is  something  better  than  a  mere  guess  at  what  his 
bid  may  be.  Of  course,  it  must  be  distinctly  understood  that  this 
n  attempt  to  eliminate  human  nature  from  the  contracting 
1.  The  "  most  dangerous  competitor "  may  suddenly 
change 'his  methods  and  upset  a  lot  of  calculations,  and  whether 
he  will  do  this  or  not  is  just  as  much  a  matter  for  psychologic 
study  as  what  sort  of  hand  he  is  drawing  to  when  he  takes  one 
card.  Nevertheless  the  man  who  knows  his  competitor's  usual 
methods,  and  knows  the  relative  efficiency  of  those  methods  as 
compared  with  his  own,  is  in  a  position  to  bid  much  more  intelli- 
gently than  he  otherwise  could.  With  the  increasing  disuse  of 
old  methods  it  is  necessary  to  know  the  value  of  the  new  ones  in 
order  to  know  whether  it  will  pay  to  change  from  old  equipment 
to  new,  and  how  much  (if  anything)  the  change  may  be  expected 
to  save;  and  it  is  vastly  important  to  know  what  is  the  very  best 
method  for  the  work  to  be  done.  Even  if  a  contract  can  be  carried 
out  at  a  handsome  profit  by  the  second  best  or  third  best  method, 
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the  man  is  a  fool  wbo  would  hesitate  to  discover  and  apply  the 
first  best,  thus  eonverting  a  handsome  profit  into  a  still  hand- 
gomer  one.  When,  moreover,  a  loss  is  being  faced,  it  is  almost 
always  due,  according  to  my  experience,  to  the  fact  that  the 
wrong  methods  were  in  use,  rather  than  that  the  contract  had 
been  taken  at  ''  impossible  figures."  In  such  a  situation  tlie  first 
and  most  necessary  move  is  to  ascertain  the  very  best  method  and 
apply  it  immediately;  and  to  assist  the  contractor  and  the  engi- 
neer in  the  selection  and  application  of  the  liest  method  in  the 
least  time  is  the  main  object  of  this  volume,  which  is  devoted  to 
Field  Equipment. 

It  is  a  fact  of  common  experience  that  if  v/p  want,  or  think  that 
we  may  want,  a  piece  of  equipment  for  certain  work,  we  can  have 
a  large  amount  of  free  literature  upon  the  subject,  backed  up  by 
the  extensive  experience  and  earnest  enthuniasm  of  the  salesiaen 
of  equipment  houses.  Such  information  is  not  always  reliable 
and  it  is  generally  confusing.  Moreover,  before  it  can  be  applied 
to  the  work  in  hand  it  must  be  sorted,  collated,  studied  and 
verified,  a  process  requiring  a  ruinous  amount  of  time  for  every 
investigation.  This  book  attempts  to  Bave  the  estimator  and  con- 
tractor B.  large  part  of  this  time,  which  is  ordinarily  lost.  The 
author  has  never  sold  any  kind  of  equipment  on  commisaion  and 
has  never  received  a  commission  of  any  kind  for  recommending 
the  adoption  of  any  machine  or  tools  for  any  purpose,  and  has  no 
interest  whatever  in  any  statement  contained  in  this  book  except 
to  see  that  it  correctly  represents  the  economic  facta  in  a  useful 
and  convenient  way.  Although  it  has  been  carefully  checked  for 
errors,  it  is  possible,  of  course,  that  mistakes  may  have  escaped 
notice.  If  any  such  should  be  noted,  a  memorandum,  mentioning 
p<^(e-number  and  line  would  be  greatly  appreciated. 

The  main  features  of  equipment  which  bear  upon  economic 
operation  are  as  follows: 

C     Cost,  ready  to  commence  work. 

Q     Capacity,  minimum,  standard  and  maximum. 

E     Operating  expense,  inctudini;  depreciation  and  repairs. 

A     Adaptability  to  the  conditions  governing  the  work. 

No  eHort  has  been  spared  in  preparing  this  volume  to  put  the 
information  into  such  form  as  to  make  it  available,  with  the 
minimum  of  time  and  trouble,  and  it  is  believed  that  with  the 
aid  of  the  information  contained  in  these  pa^s  an  intelligent 
estimator  of  practical  experience  can  determine  within  reasonable 
limits  the  figures  for  each  of  the  above  features.  Prices  vary 
from  year  to  year,  and  terms  of  sale  change  with  the  conditions; 
but  within  a  limit  too  small  to  affect  materially  an  estimate  of 
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unit  cost  for  plant  performance,  I  believe  the  facts  here  given 
may  be  safely  used.  For  making  appraisal  of  a  plant  to  be  sold, 
if  these  figures  be  used  they  should  of  couree  be  checked  by  actual 
bids  from  the  manufacturers  or  dealers  to  the  appraiser.  In 
nearly  every  instance  the  pricos  here  given  represent  bona  fide 
quotatiouK  made  to  the  author,  but  aince  the  book  is  not  written 
to  advertiac  anyone  no  names  are  given. 

Except  where  otherwise  expressly  stated  the  prices  are  f.  o.  b, 
the  manufacturer's  works. 

IC)   The  cost,  ready  to  commence  work,  includes 
(p)   the  purchase  price,  the 
(t)   coat  of  transportation,  and  the 

(a)   preparatory  cost,  including  unloading,  erecting  and 
getting  into  working  position. 

When  possible  the  shipping  weights  have  been  included  here, 
and  the  freight  rate  may  be  obtained  from  the  nearest  railroad 
agent,  usually  on  the  telephone.     Data  on  the  cost  of  erecting  and     , 
installing  machinery  are  not  very  plentiful.     I  have  Included  them     | 
wherever  possible  from  the  available  information,  j 

(Q)  The  capacity  of  equipment  is  a  very  elusive  quantitj*. 
That  of  a  wagon,  ship,  bucket  or  scraper  is  usually  listed  by.  the 
manufacturer  as  the  "  water  measure  "  capacity  and  must  be  cor- 
rected to  obtain  the  "  place  measure  "  capacity.  The  capacity  of 
a  steam  shovel  in  theory  is  the  "water  measure"  of  the  bucket 
multiplied  by  the  rated  number  of  swings  per  unit  of  time;  in 
practice  it  is  likely  to  average  from  20%  to  70%  of  this,  with 
the  odds  on  the  lower  figure.  Therefore  the  capacity  figures  must 
be  talcen  as  purely  relative  for  the  purpose  of  defining  the  size  or 
type  of  equipment  mentioned.  A  good  many  elements  enter  into 
this,  not  the  least  of  which  is  often  the  skill  of  the  operator.  A  , 
steam  shovel,  in  particular,  is  dependent  for  Its  capacity  upon  the  i 
skill  of  the  runner  and  the  manner  in  which  the  runner  and  | 
craneman  work  together.  The  character  and  condition  of  the  ma- 
terial that  is  bandied  may  greatly  affect  the  performance,  so  that 
capacity  under  ideal  conditions  (which  is  the  manufacturer's 
assumption  when  rating  his  macfalnes)  is  simply  (he  maximum, 
and  is  rarely  to  be  equaled  in  working  practice.  Moreover,  the 
capacity  of  such  a  machine  as  a  steam  shovel  is  limited  hy  that  of 
the  cars  into  which  it  is  loading,  and  is  affected  by  the  necessity 
of  "moving  up,"  and  of  changing  trains,  etc. 

(E)  The  cost  of  operating  a  machine  depends  a  good  deal  on 
the  skill  of  the  operator,  as  well  as  on  the  layout  of  the  work, 
weather  conditions,  etc.  In  estimating  this  quantity,  there  should 
be  Included  the  incidental  and  necessary  costs  without  which  it 
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cannot  work  to  advantage.  The  cost  of  operating  a  hojating  en- 
gine, for  example,  includeB  that  of  coal  "  on  the  platform,"  which 
may  include  the  cost  of  hauling  coal  from  a  delivery  point,  and 
should  include  the  cost  of  coaling  at  night,  watchman's  time,  etc. 
The  operating  co>>t  and  operating  capacity  are  reciprocally  de- 
pendent on  each  other. 

( A )  Hie  adaptatiility  of  a  particular  machine  to  the  conditions 
governing  its  work  is  often,  if  not  always,  the  moat  important 
feature  to  be  considerpd  in  Its  selection,  since  on  thifl  feature  its 
practical  efficiency  For  the  work  in  hand  largely  depends.  Adapta- 
bility is  affected  by  the  peculiarities  of  the  work  on  which  ft  is 
to  be  emplo3'ed  as  well  as  tlkose  of  the  machine  itself,  and  for  a 
proper  judgment  as  to  its  value  an  intimate  knowledge  of  the  ma- 
chine and  a  thorough  knowledge  of  the  conditions  under  which  it 
is  to  work  are  necessary.  Unfortunately  the  working  conditions 
are  not  always  ascertainable  with  suflicient  exactness  to  be  sure 
of  selecting  the  most  suitable,  plant,  and,  more  unfortunately, 
reliable  information  about  new  equipment  is  scarce.  Salesmen, 
while  probably  no  worse  than  the  rest  of  mankind,  are  always 
biased  by  their  personal  interest  in  the  product  that  they  handle, 
and  they  cannot  be  expected  to  give  due  weight  to  the  faults  of 
their  own  machines  or  the  virtues  of  these  sold  by  their  com' 
petitors,  and  are  poor  advisers  in  consequence.  Theoretically,  a 
way  to  avoid  this  disadvajitage  would  be  to  call  in  rival  salesmen 
and  let  them  talk  out  the  whole  subject  in  the  presence  of  each 
other.  The  writer  tiied  this  plan  just  once,  at  the  request  of  a 
client,  and  it  was  a  howling  failure.  Advertising  statements, 
while  honestly  meant,  arc  apt  to  be  outrageously  deceptive.  As 
an  instance  of  this,  the  following  was  cut  out  of  one  of  the  tech' 
nical'  journals: 


■■  DUMP    WAGON    COSTS 

"  OUR  COSTS 

'  Eight  men  can  Bhovel  one  .-ubif 
rd    of    kMSe    MBd;    Inam    into    ■ 

"''in''''^Shour''diI!f"tht^'  B^mfn 
tid  kiad  WO  cubic  ytrdi  nl  male 
.1.    Al  «.B0  p«r  day.    8  men   CMt 

"Thi!     cubic     j.rd     d1] 
iDBded  in  Si  minute;  Uien 
10  hour   day   onn   man   oa 
chine  can  load  i.m  cubic 
malerial,  or  12  times  ss  n 

ilaiie  on  2K  yards  woald  be  i  ctn.  "  On  the  above  baais  we  Sirare  the 

i»r  cubic    yard,  two    teams    and    Ihcir   driTera,    and 

even  Iben  lakinE  Ihia  cmt  at  nO.IM>, 

the   coit  per   cDbie  yard  would   be 

lour  milla. 

"There  are  a  nunib*r  oF  itema  and  incidcntala  yet  ^o  be  added  lo  both  of 

This  is  cost  analysis  gone  mad  with  a  vengeance,  yet  the  man 
who  wrote  it  in  all  probability  thought  that  he  was  highly  con- 
KTVfltive.     A  great  many  manufacturers  use  special  care  that  the 
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atatements  in  their  trade  literature  shall  be  nndenlahly  on 
safe  side  on  account  of  the  very  bad  moral  effect  of  an  exaggera-  | 
tion.  One  of  the  large  manufacturera  of  electrical  macbinerv 
has  been  known  to  permit  italesmen  to  state  aa  the  working  effi- 
ciency of  certain  machines  a  percentage  of  the  results  shown  by 
mechanical  tests,  on  the  ground  that  a  diuappointeil  and  disgusted 
customer  is  the  worst  advertisement  possible.  Notwithstanding 
this  fact,  there  are  many  machines  that  would  be  much  more  gen- 
erally used  did  contractors  feel  confldence  in  the  atatemmts  re- 
garding them.  The  old  and  tried  machine  that  ia  not  especially 
well  adapted  to  the  work  in  hand  is  thus  often  used  for  laek  of 
reliable  information  about  the  new  and  unknown  one. 

No  book  can  tell  a  contractor  automatically  what  equipment  in 
the  best  for  his  use,  but  it  ia  possible  to  put  him  in  posseKsion  of 
vastly  more  information  than  has  heretofore  been  available,  and 
this  has  been  attempted  in  the  present  volume. 

The  object  of  this  book  being  primarily  to  furnish  the  infor- 
mation needed  by  contractors,  and  the  material  having  become 
rather  voluminous,  it  was  thought  advisable  to  leave  out  a  great 
many  items  which  might  be  useful  to  a  very  few  contractors,  but 
which  would  not  be  generally  employed  by  the  vast  majority  of 
them.  The  author  will  appreciate  hearing  from  eontractoTB  who 
would  like  to  find  more  material  than  ot>tained  in  the  book,  with 
a  view  to  finding  out  the  exact  demand  for  extra  matter,  and  will 
endeavor  to  insert  such  additional  material  in  future  editions. 

A  most  important  point  to  which  attention  ia  called  is  that  all 
the  illustrations  in  this  volume  are  for  tbe  purpose  of  illuatrating 
types  of  machines  of  whirh  costs  and  performances  aro  given- 
No  quotation  or  price  mentioned  in  these  pages  is  to  be  taken  as 
referring  exclusively  to  any  one  machine  illustrated  or  to  the 
production  of  any  one  manufacturer.  The  pricea  are  frequently 
averages  of  several  quotationa,  while  the  illustration  that  goes 
with  this  price  ia  that  of  a  standard  piece  of  equipment. 


c.  Google 
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These  machines  are  for  the  purpose  of  putting  power  into 
proper  form  for  convenient  and  economiia.!  transmission.  Many 
of  the  operations  that  formerly  were  done  only  by  hand  are 
now  being  accomptished  by  mai^hinery  and  machine  tools  driven 
by  compreBsed  air  or  its  substitute,  compressed  steam.  Under 
many  circumstances  a  drill  can  operate  by  steam  as  well  as  by 
air,  while  for  the  hand  tools,  such  as  riveters,  stone  euttern, 
etc.,  the  use  of  steam  is  nbt  convenient  because  of  its  high 
temperature  and  sometimes  because  of  the  dense  white  cloud 
of  condensing  steam  which  is  opaque  and  wet.  In  general,  air 
is  never  at  a  disadvantage  as  compared  with  steam  in  con- 
venience of  working;  and  where  they  are  equally  convenient  the 
ruling  economic  feature  is  the  distance  to  which  the  power 
must  be  transmitted.  &  boiler  is  less  expensive  than'  a  boiler 
and  compressor  of  the  same  power;  hence  for  short  distances  the 
steam  power  is  more  economical,  other  conditions  being  e<]ua1. 
As  the  distance  of  transmission  increases,  the  relative  economy 
of  the  steam  transmission  decreases,  on  account  of  heat  losses, 
and  there  is,  therefore,  a  point  at  which  the  extra  economy  of 
the  air  trantiniissitH]  equals  the  extra  cost  of  the  compressor. 
For  greater  distances  than  this  the  air  transmission  is  economic; 
below  it  direct  steam  is  the  less  costly.  The  actual  position  of 
this  critical  point  for  each  set  of  conditiona  depends  on  the 
conditions  themselves  and  can  be  worked  out  when  they  are  all 
determined.  It  should  be  rememliered,  when  considering  such  a 
problem,  that  it  is  quite  possible  to  carry  steam  for  half  a  mile 
in   well  laggeii   pipe   with   inconsiderable  lieat  losses. 

The  chief  peculiarity  of  air  compression  for  these  purposes  is 
that,  as  the  air  becomes  compressed,  its  temperature  rises.  It 
may  then  be  cooled  at  the  place  of  compression  by  artificial 
means,  or  it  iltay  be  a^lmitted  to  the  transmission  pipes  without 
first  being  cooled.  In  the  latter  case  it  becomes  cooled  more  or 
less  in  transit,  necessarily  losing  some  of  its  pressure  by  the 
act  of  cooliiig,  with  a  consequent  loss  of  efficiency.  For  large 
inatallatiotis,  therefore,  it  is  customary  to  do  the  cooling  in 
the  engine  by  a  water  jacket,  or  water  jets. 
11 
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A  eubie  foot  of  "  free "  air,  at  normal  atmoepheric  preeBure 
of  14.7  lb.  per  square  inch  and  initial  temperature  of  80°  F., 
will  have  a,  temperature  of  about  225°  F.  and  presBure  of  2.64 
atmospheres  when  compreHsed  to  one-half  ita  original  volume  if 
there  be  no  escape  of  the  heat  which  is  necessarily  generated 
by  the  increase  of  pressure.  Thie  ie  "  adiabatic  "  compresBion,  or 
compression  without  loss  of  heat.  If  by  a  cooling  arraJigement 
the  generated  heat  could  all  be  removed  aa  fast  as  generated, 
ao  that  the  temperature  should  remain  constant,  then  the  llnal 
pressure  would  be  two  atmospheres  for  the  above  example,  and 
the  compression  would  be  "  isothermal."  In  actual  practice  some 
heat  is  lost  through  the  cylinders,  so  that  neither  the  adiabatic 
nor  isothermal  curves  represent  accurately  the  facts. 
If  V    represents   final   volume, 

V  repre«nt8  initial  volume, 

P    represents  final  pressure, 

P'  repreeests  initial  pressure. 
Then  in  general. 


(1) 


( ,; ) 


(2}      For  isothermal  compression,  i 

(3j     For  adiabatic  compression,  n  ^   1.4 

For  commercial  machinery  the  exponent  will  be  somewhere  be' 
tween  these  figures,  depending  upon  the  efficiency  of  the  machine 
and  the  amount  of  cooling  that  is  introduced  int«  it.  These  three 
simple  formulas  combine  the  theoretical  facta.  The  diagram, 
Fig.  2,  giving  in  graphic  form  the  adiabatic  curves  for  tempera- 
ture, pressure  and  volume  will  enable  the  approximate  tempera- 
ture  to  be  obtained  without  tedious  calculation. 

Chart  for  Finding:  Air  Consumption  of  Drills.  The  following 
notes  are  from  an  article  by  Robert  S,  Lewis  in  the  Eng.  and 
Min.  Journal: 

The  chart  Fig.  3  is  a  modification  of  the  one  appearing  in 
"  Hock  Drilling,"  by  Dana  and  Saunders,  with  the  addition  of 
data  for  hammer  drills  and  basing  the  diagram  on  an  air  pressure 
of  SO  lb.  per  sq.  in.  at  the  drill  instead  of  75  lb.,  to  conform 
more  nearly  with  the  requirements  of  modern  practice. 

The  inclined  lines  are  based  on  a  sea  level  datum  and  90  lb. 
pressure  per  sq,  in.  at  the  drill.  This  gives  a  factor  of  I ;  for 
any  other  altitude  or  pressure  at  drill,  the  factor  is  founQ  at 
the  left  margin,  passing  there  from  the  intersection  of  the 
Inclined  line  of  the  given  altitude  with  a  vertical  through  the 
given  pressure. 
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The  average  conBUiiiptiOTi  of  air  for  both  piHton  and  hammer 
drille  ia  given  in  the  table  of  Air  ConBnmption  of  Rock  DrillH. 

Hammer  drills  vary  bo  in  air  ^consumption  that  only  general 
figures  can  be  given.  Catalogs  from  drill  manufacturers  will 
give  the  coDHUmption  for  any  particular  drill  and  generally  at 
!I0  lb.  pressure  at  sea  level.  By  means  of  the  chart  the  con- 
smnption  for  other  conditions  can  be  quickly  found. 
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Table  of  Aib  Consumption  of  Rock  Drills,  Cu.  Ft.  peb  Min. 
90  lb  at  Sea  Level.    Piston  DrUle. 

Drills,   in Z         2%      214      2S      2%      3         35*      314      3%     4V.      B 

Cu.  It.  p.  miB es       SI       92       98      118      1!G      139      13«      ISl      210      2U> 

90  lb.  at  Sea  Level.     Hammer  Drills. 

lock  __ 

<l«rB  -      Cat 


S(op«TB  Drifters       SlnlcerB         Block  Hitch 

Holers  -       Catterx 

.,.48-55-68  40-60  38-60  25-30  la-2u 


In  lase  more  than  one  drill  is  used,  the  factor  by  whieh  to 
multiply  the  air  consumption  of  one  drill  to  determine  the  con- 
Kitmption  of  a   niiml>er  is  to  bv  talcen  from  the  following  table. 


This   is   based   on   manufacturers'   statements.     When   a   nu 
are  working  they  are  seldom  all  running  at  the  same  time. 
table  covers  the  requirements  of  from  one  to  nixty  drills. 

IE  Than  O.n'e  Dbill 
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Conpiessed  Air  Plant  for  ContractinE^.  Mr.  W.  L.  Saunders 
la  whom,  probably,  the  compressed  air  induxtr;  owes  more 
than  to  any  other  living  man,  published  the  following  noteH  in 
Engineering  and  Contracting,  Mar.  19,  191!).  The  character  of 
the  work  in  an  important  feature  in  the  determining  of  the  eize 
and  the  selecting  of  the  type  of  air  compreBsor  plant:  for  in- 
stance, such  work  as  tunnel  driving,  aqueduct  eonatruction,  canal 
excavation,  etc.,  might  well  utilize  a  number  of  semi -permanent 
air  compreaaor  installations,  as  such  work  usually  extends  over 
a  eonaiderable  period  of  time.  On  the  other  hand,  auch  work 
as  road  building,  open  cut  excavation,  trench  digging,  structural 
work,  etc..  eould  more  profitably  employ  portable  air  oumpre«: 
sor  planta  which  move  with  the  work. 

In  the  eaae  of  semi-permanent  installations  the  requirements 
may  call  for  the  installation  of  both  high  pressure  and  low 
preasure  units,  the  former  for  purposes  of  operating  rock  excavat- 
ing machinery,  pneumatic  placing  of  concrete,  the  operation  of 
water   pumps,  hoisting  engines,  pneumatic  riveters,  and  the  like. 

The  availability  of  motive  power  will  be  a  deciding  feature  in 
the  selection  of  the  type  of  air   compressor. 

In  earlier  practice  it  was  customary  to  operate  rock  excavating 
machinery  by  steam,  utilizing  the  bailer  horse  power  direct,  and 
thereby  eliminating  one  'item  in  the  initial  cost  of  equipment. 
On  the  other  hand,  the  development  of  efficient  ateam  operated 
air  compressors  and  greatly  improved  compressed  air  operated 
rock  drills  caused  the  contractor  to  realize  that  he  could  eileet 
more  efficient  and  economical  operation  by  installing  an  air 
compressor,  than  he  could  by  adhering  to  the  now  admittedly 
olisolete  practice.  The  greater  loss  experienced  in  the  transmis- 
sion of  steam  over  long  distances,  as  compared,  with  that  of  air, 
and  the  greater  consumption  of  boiler  horse  power  in  the  rock 
excavating  machine  per  unit  of  work,  as  compared  with  compreuBcd 
air  drills,  more  than  compensated  for  the  additional  initial  outlay. 

For  portable  compressed  air  plants,  the  choice  of  motive  power 
fails  naturally  to  gasoline  driven  types,  due  to  comparative 
lightness  of  the  equipment,  the  simplicity  of  operation  and  the 
ease  with  which  satisfactory  operating  labor  may  be  secured. 
On  city  street  work  it  is  sometimes  advisable  to  use  a  motor 
driven  portable  unit,  securing  electric  power  from  trolley  lines 
or  commercial  power  circuits.  In  building  construction  the  semi- 
portable  skid-mounted  motor  driven  unita  are  cuatomarily  em- 
ployed. 

With  semi -permanent  inatallationa  it  becomes  necessary  to  pro- 
vide suitable  housing  and  foundations  of  semi -permanent  char- 
acter.    The    question    of    housing    is    a    simple    one;    the    only 
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precaution  required  is  the  protection  of  the  plant  from  the 
elements.  With  work  of  long  duration,  it  is  advisable  to  install 
a,  foundation  of  mass  concrete  or  stone  masonry  structure. 
This  is  particularly  true  of  large  machinee.  Machines  of  small 
and  moderate  capacity  customarily  employed  on  short  time  jobs 
give  satisfactory  service  bolted  to  skid  foundations,  firmly  an- 
chored. 

On  penalty  jobs,  or  in  such  work  as  pneumatic  caisson  sinking 
or  shield  tunneling,  where  the  lives  of  the  workmen  are  dependent 
on  the  absolute  un  interrupt  ion  of  the  air  supply,  it  is  imperative 
to  install  duplicate  units,  so  as  to  insure  against  failure  of  the 
power   Bipplied. 

The  radius  of  distribution  of  compressed  air  from  a  central  sta- 
tion-is practically  without  limit. 

Transmission  lines  will  vary  from  2  to  6  in.  in  diameter,  de- 
pending upon   the   size   of   the   installation   and   the  distance   of 
tranFimission.    Suitable    control    valves    should    be    provided    at   I 
the  power  house,  as  well  as  the  points  of  outlet. 

In  pneumatic  caisson  work  an  after-cooler  forms  an  essential 
part  of  the  air  compressor  equipment,  it  being  utilized  tcf  remove 
the  heat  of  compression  and  deliver  the  air  to  the  air  locks 
at   normal   temperature. 

In  the  o[)eralion  of  pneumatic  tools  of  various  kinds,  partic- 
ularly in  cold  weather,  some  trouble  may  be  experienced  from 
freezing,  and  under  such  circumstances  it  becomes  advisable  to 
install  some  form  of  air  reheater,  which  not  only  eliminates  this 
trouble  but  increases  the  power  delivered  by  the  air  compressing 

A  properly  designed  air  transmission  line  should  include  the 
installation  of  moisture  traps  at  convenient  intervals  for  the 
removal  of  the  moisture  which  the  air  contains  and  which  is 
deposited  in  the  transmission  line. 

Modem  air  compressors  have  reached  such  a  high  state  of- 
refinement  that  aside  from  an  occasional  inspection  to  insure  tight- 
ness of  stuffing  boxes,  absence  of  leakage  in  the  transmission  line, 
and  the  proper  functioning  of  the  lubricating  deviceii  they  require 
very  little  ntlcntion  on  the  part  of  the  operator.  Most  machines 
have  their  driving  parts  automatically  splash-lubricated  with 
force  feed  pumps  supplying  the  cylinders.  Air  compressors  for 
permanent  or  semi'permanent  installation  vary  in  size  from  50 
to  10,010  cu.  ft.  of  free  air  per  minute,  pressure  ranging  from  15 
to  125  lb.  Portable  air  compressor  plants  range  from  50  to  oOO 
cu.  ft.  free  air  per  minute  at  similar  pressures. 

Types  of  Compiesaoii.  Compressors  may  be  divided  into  two 
([eneral    classes.     The   first   classification   divides   them   into   the 
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Btraight-line  compressor  in  'which  the  steam  and  ^if  cjrlinders 
are  arranged  in  a  straight  line  and  the  power  is  applied  through 
a  single  long  piston  rod  connecting  all  pistons;  and  the  duplex 
compressor  which  consiNts  of  two  comprcxsors  set. aide  by  side, 
each  made  up' o/  a  steam  and  an  air  cylinder  connected  to  a 
crank  shall  <;arrjing  a  single  balance  wheel.  The  cranks  ol 
the  two  sections  are  set  at  a  90°  angle  to  each  other  with  the 
object  of  producing  no  dead  center  and  to  enable  the  machine 
to  operate  at  very  low  speeds. 

The  strtiight  line,  machine  is  usually  of  lower  cost,  requires 
lighter  foundation,  occupies  less  room  than  the  duplex,  is  more 
reliable  in  the  hands  of  an  average  engineer  and  is  a  machine 
for  every  day  service  in  moderate  capacity.  The  duplex  has  more 
uniform  operation,  higher  efficiency  and  greater  steam  economy. 
Another  advantage  is  that  in  case  of  accident  one  sid^  ol 
the  machine  may  remain  uninjured  and  can  be  run  in  an 
em^gency. 

The  second  general  classification  divides  them  into  steam  driven 
and  power  driven  compressors.  In  the  former  the  steam  cylinder 
is  an  integral  part  ol  the  machine.  In  the  latter  the  comprcKSor 
is  operated  by  power  outside  of  the  machine  and  may  be  driven 
by  belts,  ropes,  chains,  gears,  or  a  direct  shaft  connection.  Of 
these  the  belt  driven  Is  the  most  common  and  the  direct  shaft 
is  used  only  with  electric  motors  or  water  wheels.  Compressors 
may  be  classed  also  as  vertical  and  harir.ontal.  The  vertical  type 
IB  advautageouB  where  space  is  limited,  as  the  machine  is  small, 
and  is  commonly  restricted  to  the  power  driven  class.  The 
horizontal  type  is  generally  considered  the  better.  Another 
classidcation  is  that  of  the  single  stage  or  compound  sta^. 
This  has  to  do  with  the  degree  of  compression  to  which  the  air 
must  be  subjected. 

LocomotiTe  ConpieBsor.  The  simplest  of  air  compressors  is 
the  standard  loeomntive  pump  used  for  air  brakes.  This  ma- 
chine is  of  the  straight  line  type  and  was  originally  designed  tor 
locomotive  air  brake  use,  but  has  since  been  applied  to  over  one 
hundred  different  kinds  of  service,  such  as  small  pneumatic  taol 
operation,  cleaning  metal  surfaces,  sand-blast  outfits,  in  sewage 
ejectors,   for   pumping   and   conveying   liquids. 

This  compressor  is  made  in  two  types,  the  single  cylinder 
and  crow-compound.  A  35  cu.  ft.  per  min.' displacement  at  100 
lb.  pressuTC,  single  cylinder  machine,  weighs  approximately  650 
lb.  and  is  priMtd  at  tUO.  The  50  cu.  ft.  size  weighs  650  Ih. 
and  costs  $160.  The  70  cu.  ft.  si^e  weighs  about  1000  lb.  for 
shipment  and  costs  $235.  The  cross-compound  type  in  the  150 
cu.  ft.  size  at  100  lb.  pressure  weighs  about  1750  lb.  for  shipment 
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and   coatB   $375.     All  the  above  prithee   are  f.o.b.   manufacturers' 

This  form  of  compressor  requires  no  foundation  (being  bolted 
to  a  column  or  wait)  nor  accurate  alignment  of  parts.  The  uaual 
method  of  installing  a  water  jacketed  compressor' of  this  t^pe  ii 


Fig.  4.    Locomotive  Compressor  Cruss-Com  pound  Type. 

shown  ill  Fig.  5.  If  the  conditions  do  nut  require  a  water  jacket 
the  water  pipe  connections  and  valve,  and  radiating  discharge 
pipe  may  be  omitted.  The  approximate  prices  of  the  chief  ele- 
ments are:  Lubricator,  $10.00;  Governor,  $2LO0;  Air  gauge, 
$3.75;  Main  reservoir,  $36.00;  Drain  cock,  $1.50. 

Single  Stage  Vertical  Aift  CoktpREasoRB 

00-100  Ih.  press. 

Rated  nBpaei^  in         Approxiinate  shipping  Price 

cu.  ft.  per  mfn.  wt.  in  Iba.  t.  o.  b.  fsclory 


60  TOO  180 

Single  8ta|T  Teitioal  Compressois  for  belt  drive  are  designed 
for  either  intermittent  or  continuous  service  where  air  is  re- 
quired in  small  quantities.  When  electric  power  ia  to  be  used 
these  machines  are  equipped  complete  with  motor,  driving  pulley, 
endless  belt  and  short  drive  attachment;  all  mounted  on  a 
hardwood   base,   ready   to   set  on   foundation   and   not   requiring 
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Googlu 
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an;  odjuHtments  or  aligning.     Motors  are  furnished  to  order   to 
Buit  power   requirements. 

Power  DbivSn  Single  Stage  Straight  Line  Aib  Compbessobs. 
10t>-150  lb.  preseure. 


Vertical  Type  Motor  DrlTen  Ait  Compreisora  are  illustrated  by 

Fig.  6.  This  type  of  eompresBor,  90  lb.  per  sq.  in.  preHsure,  costs 
as  follows :  In  the  50  cu.  ft.  per  min.  size,  the  appioximate 
shipping  weight  is  3500  lb.,  price  $1550;  the  100  cu.  ft.  size 
weighs  about  5000  lb.  for  Bliipment  aud  is  priced  at  $2100;   the 


Fig.  6-    150  ft.  Alternating  Current  Air  Compressor  with  Com- 
bined  Automatic   Controlling  Device. 

150  cu.  ft.  size  weighs  about  7500  lb.,  price  $2500;  the  200 
cu.  ft.  per  min.  size  weighs  10,000  lb.  for  shipment  and  costs  $2000. 
All  the  foregoing  prices  are  C.  o.  b.  factory  for  complete  com- 
pressors fitted  with  D.  C.  motors  for  220  volts  and  waterjacketed. 
This  type  of  compressor  may  also  be  had  in  capacities  of  from 
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to   450  cu,   ft.  per   min.   at  preesuies  of  from   30  to   160   lb. 

Steau  Driven  Simple  Stbaioht  Line  Aib  Compbeshobh 
SO-ias  lb.  pressure 

Rated  capacity  la         Approximate  shipping  Price 


10^0  lb.  pressure 


Steau  Driven  Two  Stage  Aib  Compbessob 
80-100  Ih.   preitsure 


«w  UOM     -  tm 

1000  Z300n  4801) 

ia»  30000  STOO 

PowEB  Driven  Two  Stage  Aib  Compressobb 
30-100  lb.   prpsaure 
Rated  eapaa^ly  in         Approiimalo  ehipping  Price 


c.Googlu 
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Fig.  7.     Steam   Driven   Straight   Line   Air   CompreBSOr. 


Fig.   S.     Steam   Driven   Straight  Line   Air   Compressor. 
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Fig.  0.     Angle  Compound  2-Stage  Power  Driven  Air  Cranpreaaor. 


Pig.    10.     2- Stage    Power    Driven    Air    Compres 
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COST  OF  COKFRESSOB,  IK8TALLATI01I 

An  air  compresBor,  electric  generating,  and  pumping  outSt 
was  installed  about  1912  for  the  Water  Board  of  the  City  of 
New  York  at  Cornwall  Larding  on  the  Iludson  River,  about 
2,000  tt.  south  of  the  West  Shore  Railway  Station.  This  plant 
was  used  to  supply  air  far  drills,  pumps,  and  general  shaft  and 
tunnel  work,  in  driving  the  siphon  under  the  Hudson  at  Storm 
King   Mountain. 

16       SSt 

Compressor  Equipment  Installed.    Two  (2)  -ttk  —x  16  Class 

"  HII-3  "  cross  compound  steam  driven  air  pompresaora,  having  a 
piston  displacement  each  of  1392  cu.  ft.  designed  to  operate  con- 
densing;  air  pressure  100  to  110  lbs  ;  steam  pressure   150  lb. 

One   1 1 1   48"  improved  type  of  vertical  aftercooler. 

One   ( 1 )  54"  dia.  by  12'  vertical  air  receiver. 

Boiler  Equipment  and  Pumps,  etc.  Three  (3)  130  hp.  Stcrlin;; 
boilere. 

Two  (2)  6  X  4  X  B  outside  packed  boiler  feed  pumps  built  by 
the  BnlTalo  Steam  Pump  Co. 

Two  (2)  6  s  6%  X  6  piston  type  tank  pumps  built  by  the 
Buffalo  Steam  Pump  Co. 

One  (1)  10  X  IS  X  10  independent  jet  type  condenser  built  by 
the  BuEFalo  Steam  Pump  Co 

One  ( 1 )  400  hp  enclosed  Berriman  type  fee4  water  heater 
built  h^    the  F    L    Patterson   Co 

One  ( 1 )  20  K  \\  Kerr  steam  turbine  generatmg  set  built  bv 
the   Atwood   Beard  I  ck   Co 

One    (1)    station   panel   complete  with   neoessarv   HWitebes    eti 

One    [  I )   feed  water  tank 

2  500  ft    of  6  in    blai-k  wrought  iron  pipe 

2  500  ft   of  1^  m    2  conductor  cable 

The  above  equipment  was  installed  on  rented  property  on  the 
Hudson  Riier  and  immediately  adjacent  to  the  right  of  wa^  of 
the  West  Shore  Railroad  Cost  includinft  this  equipment  plun 
the  cost  of  the  railroad  siding  actual  building  and  foundations- 
piping  in  power  house  boiler  setting  together  with  all  labor 
and  other  charges  for  putting  this  equipment  into  operation 
iHMn^  the  air  pipe  from  the  p'ant  to  the  shaft  some  J  400  ft 
distant  and  electrical  connections  between  shaft  and  power 
house  and  adequate  well  to  obtain  boiler  feed  water  and  makii^ 
proper  connections  to  the  Hudson  Biver  «ith  stramei  etc  for 
condensing  and  circulating  purposes  appruximately  S35  000  00 
which    includes    the    following    costs       f  i  mpressors     aftercooler 
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and  receiver,  approximately  $)3,900.  Balance  of  equipment,  con- 
sisting of  boilers,  pumps,  generator  set,  water  tauk,  pipe  and 
electric  conductor,  etc,  about  910,000.  Railroad  siding,  building 
and  foundations,  piping  in  power  bouse,  boiler  Bettings,  well, 
erecting  stacks,  labor,  superintendence,  charges  for  placing  plant 
in  operntioD,  rental,  lease  for  railroad  siding,  and  incidentals, 
811,500 .00. 

Tormnlae  of  Corts  of  Air  Compiesson.  Mr.  A.  A.  Potter  in 
Power,  Dec.  SO,  1913,  derived  tlie  formulae  in  the  following  table 
for  tbe  costs  of  air  compressors,  by  tabulating  and  plotting  the 
net  prices  received  from  several  different  manufacturers.  Tbe 
prices  are  the  net  selling  prices  f.  o.  b.  factory  and  do  not  include 
the  coat  of  erection. 

CspHCiti'  up  to  Equation  of 

Tjpe  cu.  It.  per  miQ.        cost  in  dollsrs 

SiDglo  cylinder,  belt  drlren 4000  B-f  l.»5  X  cu.  ft. 

Duplex,  bell  driven   8S0  HB  +  1.87SX  cu.  ft. 

Compound,   bell  drivan    550  3.1  X  cu.  (t. 

Single  CflindH.  Bt«Hn  driien  350  m +  2.32  X  cu.  It. 

Duplex,   «t«aia   dr'nnt    600  160 +  2.65  X  en.  It. 

Compound,  slewn  driien   500  71.^  +  *.l)25  X  cu.  It. 

The  results  obtained  in  tbe  u»e  of  the  above  equations  should 
be  multiplied  by  175%  U>  bring  them  to  1020  prices. 

Cost   of   Motob  Driven   Compbesbobs   with   Auxiliabies  and 
Theib  Installation 

320v  2mv  220v  «00v  60»v  «0ov 

Pieton  displaccmeDt  In  cu.  It.  per  mln 15  25  50  50  15  25 

Sfaipping  WBisht  in  lb 930  S3D  2050  IMO  620  630 

Met  price  compreBsor  1, 0.  b.  factory   t£30  360  430  WO  ITS  225 

Net  price  EOTernors  and  switch  f.  o.  b.  fac- 
tory      40  10  40  20  ao  20 

Freight  and  drkrage  at  |1.50  S  .12  31  22  6  13 

£>l.  coat  ol  receiTjr,  piping,  et« ID  4ft  40  40  40  40 

CMt  ol  inataDins   15  15  15  15  15  15 

(324      361      576      497     259      313 

The  above  amounts  should  be  doubled  to  equal  1020  prices. 

Eeparator  for  HemoTlng  Water  from  Comprened  All.  In 
connection  with  tbe  operation  of  pneumatic  tools  any  water 
which  is  In  tbe  compressed  air  supplied  to  them  occupies  valu- 
able power  space  in  the  cylinders  of  the<tools,  thereby  decreasing 
their  efficiency  and  sooner  or  later  resulting  in  damage,  due  to 
tbe  constant  internal  hammering  action  of  the  water.  Tlie  sep- 
arator utilizes  centrifugal  force  to  remove  the  water  from  the 
air.  As  the  air  and  water  enter  it  they  pass  through  a  belical 
path  formed  about  a  central  cylinder,  resulting  in  a  swirling 
motion  of  the  entire  mass.    As  water  is  several  times  heavier 
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tlmn  air  it  ia  thrown  out  of  the  curving  air  current,  and  againet 
the  walls  of  the  separator,  which  it  meets  at  an  angle  without 
an;  spatter  or  splash  and  alipB  smoothly  along  until  it  reaches 
the  receiver  epoce  at  the  bottom.  Here  the  motion  is  retarded 
by  vanes  in  order  to  permit  drainage  of  the  accumulated  water,  i 
The  resulting  separation  is  practically  complete  with  very  little 
pressure  loss.  The  separator  is  made  of  close  grained  cast  iron,  | 
suitable  for  a  working  presHure  not  in  exceiis  of  200  lb.  per 
sq.  in.,  is  simple  in  construction,  has  no  movable  parts  and  will 
operate  indeHnitely   with   a  minimum  of  attention. 

In  order  that  the  xeparation  may  take  place  when  the  air  is  at 
its  lowest  temperature,  it  is  desirable  to  install  the  separator 
as  near  as  possible  to  the  point  at  which  the  air  is  to  be  used. 
In  the  case  of  long  air  pipe  lines  out  of  doors,  where  there  is  a 
possibility  of  freezing,  the  separator  should  be  placed  in  the 
line  at  a  point  just  before  the  pipe  (eaves  the  heated  building. 
To  maintain  the  best  operating  conditions  it  is  well  to  inetall 
a  trap  to  automatically  drain   the  separator  of  water. 

AlB    SEPABATOBa 


Reheaters.  When  air  is  to  be  transmitted  for  appreciable  dis- 
tances, particularly  out  of  doors,  the  losses  in  transmission  are 
largely  overcome  and  certain  operating  features  gained  by  the 
use  of  a  reheater.  Air  after  being  compressed  enters  the  pipe 
line  at  a  temperature  greatly  in  excess  of  the  surrounding  atmos- 
phere. By  radiation  this  temperature  is  greatly  reduced  with  a 
corresponding  reduction  in  volume  and.  therefore,  capacity  for 
work.  A  reheater  placed  as  closely  as  possible  to  the  working 
machine  will  raise  the  temperature  of  the  air  to  about  250  degrees 
F.,  increasing  its  volume  approximately  30%  with  proportional 
gains  in  capacity  for  doing  work.  The  reheater  will  also  elim- 
inate the  freezing  of  the  moisture  in  the  exhaust  ports  and  clog- 
ging of  the  tool.  TheVeheater  closely  resembles  a  stove,  the 
air  being  heated  by  the  combustion  of  coal  or  coke  in  the 
inner  shell,  and  the  heat  thus  generated  transmitted  to  the  air 
which  is  around  this  shell. 
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Fia.  11,    Air  Rcii EATER 

Tile  following  data  give  the  result  of  a  test  made  in  the  shops 
of  the  HaoBell  Elcock  Co.,'Chicago,  in  driving  1,608  9i-in.  rivets. 
Half  of  these  rivets  were  driven  using  an  ordinary  air  line,  and 
half  were  driven   using  heated  air  from  a  Sterling  Heater. 

A  plain  toggle  portable  yoke  riveter  was  used.  The  compresBor 
cylinder  was  10  ins.  in  diameter  and  9V4  ins,  strobe. 

An  Excelsior  Airometer  was  put  in  the  line,  at  which  point  line 
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preaaures  and  line  temperuturea  were  read.  Twenty  feet  of  1-iii. 
rubber  hoae  was  used  between  the  airometer  and  the  Sterling 
heater.  On  the  discharge  side  of  the  heater  a  gage  and  thev- 
raometer  were  inserted  for  reading  the  temperature  and  preasure 
of  the  heated  air.  Between  the  heater  and  the  riveter  27"^ 
ft.  of  1-in.  insulated  flexible  hose  was  used.  The  following  ghows 
the  resulta: 


difference   in   air   used   per   rivet   equals    7.92   eu.   ft,   L- 
volume  of  74.7%.    This  increase  equals  an  actual 

used  of  42,756. 


Fig.  12.    Horizontal  Air  Receiver 

Aasuming   1,500  rivets  per   day,  the  actual  air   saving  equals 

11,880  cu.  ft.  At  8  cts.  per  1,000  cu.  ft.  this  saving  equals  D.i 
eta.,  the  cost  of  operating  the  heater  equals  1  gal.  oil  at  10  cts. 
plus  8  cts.  for  ignition  current  equals  18  cts.,  total,  a  net  saving 
of  77  cts.  per  day.  This  saving  six  days  per  week  would  pay  for 
the  heater  in  one  year  and  leave  a  profit  of  $156.00. 

The  cubic  feet  of  air  given  were  actual  airometer  readings. 
On  account  of  the  intermittent  service  the  heated  air  tempera- 
tures are  not  quite  high  enough.  The  actual  temperature  of  the 
air  supplied  to  the  riveter  was  about  15%  in  cxcpbb  of  the  heated 
air  temperatures  shown  in  the  tahle. 
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Air  Beoeiven  (Fig.  12)  are  plain  Bteel  shells,  which  cool 
and  reduce  the  velocity  of  air  before  it  passes  into  the  main, 
causing  deposition  of  moisture  where  it  can  be  drained  off;  they 
equalise  the  flow  ot  air,  eliminate  pulsating  effect  of  the  piston 
strokes,  thus  minimizing  friction  losses,  and  serve  in  some  degree 
as  reservoirs  of  power.  For  best  results  the  receiver  must 
be  close  to  the  compressor.  Secondary  receivers  at  the  other 
end  of  the  air  main,  and  near  the  operating  machines,  are  often 
advantageous. 

AiB  Receivers 
Hori?ontal  and  vertical  type 

Weight  ot  Price 


Proportioning   Air    Eeoeiven.     To   determine   what   sized  air 

receiver  is  best  for  the  capacity  of  the  air  compressor  it  is  pro- 
posed to  inetall; 

1st.  Determine  the  maximum  capacity  of  the  compressor  per 
min.  in  free  air.      (Piston  displacement  per  min.  wilt  do.) 

2nd.     Calculate    what    volume    this    air    will    oocupy    at  the 

working  pressure,  and  this  will   be  the  required   volume  of  the   . 

This  is  a  very  easy  calculation  to  make  as  the  following  will 
illustrate. 

Suppose  the  maximum  piston  displacement  of  compressor  per 
min.  =  Bo  cu.  ft. 

Working  pressure  ^  RO  lb.  (gage).  To  determine  the  volume  of 
05  cu.  ft.  of  free  air  when  compressed  to  80  pounds  pressure, 
the  following  formula  may  be  used 

'       P,. 1-14.7 

in  which  V,  =  maximum  piston  displacement  in  cu,  ft.  per  min 
=  65. 

P,^  Working  pressure   (gage)  =80  lb. 

V,  =  Volume  of  the  air   at  the   higher   pressure.  . 
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Substituting  in  this  formula  we  have: 

'       80  -f  14.7 
=  10  cu,  ft.  which  would  be  the  volume  of  a  receiver  18  i 
dia.   and   Q   ft.   long. 

The  above  formula  determines  approximately  the 
sized  receiver  necesHary,  but  in  making  a  selection  a  larger  one 
is  preferable.  Tbere  in  no  drawb&ck  in  having  the  receiver  too 
large;  a  receiver  is  seldom  too  large,  in  fact  most  troubles  are 
caused  b;  the  receiver  being  too  amall  to  overcome  fluctuation  in 
pressure  and  bj  not  allowing  the  air  to  remain  stationary  long 
enough  to  cool  and  to  deposit  part  of  its  moisture. 

Cooling  DcTlceB  increase  compressor  etnciency  by  reducing  the 
temperature  of  the  air  while  bein^  compressed.  This  also  de- 
creases danger  of  explosion  and  provides  drier  air  after  com- 
press ion. 


AiB  Aftbbcoolbbs 


Horizontal 

and  vertical 

type 

OooliDffBDHBCe 

Price 

'"Is" 

i^Wi-'". 

•IST' 

900 

SOO 

69M 

ISOO 

1000 

16O0 

1|5?? 

3300 
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Fig.  13.    Air  Aftercooler 
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Uethodt  of  CooUng:  (a)  Ante-cooling;  (b)  cooling  during 
compreHsion ;  (c)  intercooling ;  (d)  aftercooljng.  Ante'cooling 
ia  by  leading  the  air  to  tbe  i;oiiipres»or  from  the  coolest  side  of 
the  building!;  or  by  the  use  of  ante-coolers  (similar  to  after- 
coolers).  Cooling  during  compression  is  by  direct  contact  be- 
tween water  and  air  (aa  in  wet  compressors,  now  nearly  obso- 
lete) or  by  the  use  of  water  jackets.  Intercooler  is  used  in  stage 
comprehHors,  to  cool  the  compressed  air  between  the  cylinders.  | 
Upon  proper  cooling  at  this  point  depends  largely  the  efficiency  ' 
of  stage  compression.  After-coolers  cool  the  air,  and  therefore 
deposit  moisture,  between  compressor  and  delivery  pipe. 


Fig.   14.     Gaaoline  Driven  Portable  Air  Compressor 

Portable  Air  Compressors.  Small  portable  gasoline  and  power 
driven  air  compressors  are  adapted  to  work  of  a  temporary  char- 
acter reijuiring  compressed  air  in  small  quantities,  such  as  the 
laying  of  gas  and  water  mains,  where  air  tools  of  various  types 
Hie  used  for  cutting  a'pbalt,  tearing  up  roadways,  rock  cutting, 
calking  lead  Joints,  drilling  and  riveting  of  steel  pipes,  tamping 
dirt,  etc.  The  machines  are  usually  furnished  complete  with  the 
engine  and  its  fittings,  compressor,  air  receiver  and  fittings  such  as 
valves,  gages,  outlets,  piping,  etc.  Tliey  are  rigged  for  hand 
transportation  and  may  also  be  had  fitted  with  tongue  and  single 
tree  or  bar  for  trailing  behind  a  motor  truck. 

Where  compreiisora  of   over  201)  cu.   ft.  are  requiveil   for  tern- 
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POBTABLE    AlB    COMPtESSOSS 

90-100  lb.  pressure 
(Gasoline  driven) 
Rmted  a*puilv  in         Appnudnikte  i^ipping 
cu.  ft.  per  nun.  Velgbt  in  lb.  I 

n  I2U0 


(Electric  motor  driven) 


The  following  table  givea  the  cost  of  an 
preasore  f.  o.  b.  Michigan. 

Bated  cipBeily  in         ApproxlniBte  nhipplni 
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40  1300  i,*m 

In  the  above  table  the  last  two  compressors  are  of  the  6  by  6 

sue,  the  42  cu.  ft.  machine  being  driven  by  an  8  hp.  enaine  and 

having  a  pressure  of  TS  lb.  per  sq.  in.,  and  the  40  being  driven  by 

a  10  hp.  engine  and  having  a  pressure  of  100  lb.  per  sq.  in. 

Effletenoy  of  Compressors  at  Vartons  Elevatfoiii.    As  it  is  a 

very   common   practice   to   use   air   in   drills   and   light  raachines 

at  full  stroke,  a  table  of  the  efficiency  of  compresflors  when   the 
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Care  of  Compreswn.  From  "Mining  Engineem'  Handbook," 
Peele. 

Oeneral.     So  locate  tlie  compressor  that  parte  are  readilj   ac- 
cesBible.     Foundations   muitt   l>e  level   in   both   directions  and, 
power   driven   machines,  the  molor  and  compressor  must   be   t 
curately  aligned. 

Air  Valves.  Examine  at  least  onee  a  month,  to  nee  that 
there  is  no  cutting,  and   that   the  springs,   if  any,  are   in    good 

Cutting  is  caused  by  ineffective  lubrication  or  grit  entering 
inlet.  If  the  latter,  remove  the  cause  of  dust,  or  change  position 
of  intake.  Keep  spare  valves  on  hand  for  prompt  renewal, 
before  wear  or  defect  becomes  serious.  Leaky  discharge  valves 
greatly    reduce    volumetric   efficiency. 

Air  Lints.  Watch  eloBely  for  leaks,  which  are  costly.  A  0.25- 
in.  hole  may  waste  enough  air  to  run  a  2.2d-in.  drill. 

LubricdJion  must  be  sufliRient,  but  not  excessive. 

An  air  cylinder  requires  less  oil  than  steam  cylinder  of  aame 
size.  Use  best  air-eylinder  oil  for  cylinder  and  valves,  having'  a 
flash  point  not  lower  than  500°  F.  Never  use  kerosene  to  cut 
carhon  deposits  in  the  exhaust  valves  and  ports,  as  it  has  a  low 
flash  point  and  may  ignite  and  cause  explosion. 

Explosions  in  Compbesbobs  and  Receivers 

Causes:  excessively  high  internal  pressure,  due  less  to  the  air 
pressure  carried  than  to  thai  produced  by  ignition,  in  compressor, ' 
piping,  or  receiver  of  an  explosive  mixture  of  air  and  gas  from  , 
lubricant.  I 

Lvbricania  in  general  use  are:  commercial  cylinder  oil,  and  a 
mixture  of  soap  and  water,  each  having  its  proper  function.  Soap 
and  water  has  inferior  lubricating  qualities;  if  used  alone  a  much 
greater  quantity  is  necessary  than  with  a  proper  oil. 

In  a  compressor  lubricated  almost  exclusively  by  soap  and 
water,  a  deposit  2  in.  thick  was  found,  which  readily  ignited  at 
400°  P.  A  very  small  quantity  of  oil  with  a  flash  point  of  40(1° 
F.  had  also  l)cen  used,  which  indicates  that  the  use  of  soap  i 
not  a  sure  preventive  of  explosions.  Nevertlieless,  it  will  eleai 
the  cylinder  and  valves  without  shutting  down,  and  its  use  i 
recommended.  All  oils  give  off  combustible  gases  when  heated. 
The  lowest  temperature  at  which  this  begins  is  the  flash  point, 
the  ignition  temperature  being  the  burning  point.  As  ordinary' 
lubricating  oils  flash  at  about  250°  F.  (a  temperature  below  tht 
usual  working  temperature  of  compressors),  special  high-flasli 
cylinder  oils  should  be  used. 
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Temperature  Due  to  Compreaaion  depends  upon  initial  temper- 
ature, the  working  pregeure,  and  the  efficiency  of  the  cooling  de- 

TempeTature  of  discharged  air  of  a  single-stage  compresBor  in 
found  by  T'^  T  ("p")"^" —  where  T  and  T'  =  ab8olut«  initial 
and   final    temperature,    P   and    P'  =  absolute    initial    and    final 

preaaure,  n  =  constant ^1.41  and =(1.29.    This  formula, 

for  adiabatic  compreasion,  is  not  absolutely  Vorrect,  because  water 
jackets  permit  very  little  loss  of  heat  by  radiation.  Near  sea 
level  at  atmospheric  temperature  of  70°  F.,  P^14,  and  at  80 
lb.   gage  pressure   the  final  temperature   Is 

/SO  4.  14  \n" 
T'  =  704-45B''I — — — 1        =917°   F.,  absolute,  or 

458°  F,  tbermometric. 

With  leaky  eshaust  valves  this  temperature  may  be  materially 

higher. 

If  no  explosion  occurs,  CO,  from  imperfect  combustion  of  the 
oil,  and  carried  with  the  compressed  air  underground,  may  oause 
danger  to  the  miners. 

Precautions  for  avoiding  high  temperature; 
(a)  The  compressor  should  be  adapted  to  the  conditions: 
Cylinder  proportions  for  sea  level  are  not  suitable  for  high 
altitudes;  (b)  Intake  pipe  should  be  of  wood  or  other  insulating 
material,  and  air  should  be  taken  from  as  cool  a  place  as  pos- 
sible outside  of  the  engine  room.  A  lowering  of  S°  F.  may  in- 
crease efficiency  by  1%;  (c)  Unloader  should  be  designed  not  to 
cause  excessive  heating  when  in  operation;  (d)  Largest  possible 
area  of  cylinder  surface  should  be  jacketed,  and  plenty  of  the 
coldest  water  obtainable  used;  (e)  For  a  stage  compressor  use 
efficient  inter-coolers;  (f)  After-coolers  increase  efficiency  and 
should  be  used;  (g)  It  circulating  water  be  reused,  provide 
ample  water-coolers;  (h)  Place  receiver  inlets  near  the  top  and 
outlets  about  one  ft.  above  the  bottom,  to  insure  cleanliness  in 
the  air;  (i)  Receiver  should  have  blow-off  cocks  at  the  bottom, 
and  man-hole  for  inspecting  the  interior;  (j)  Place  a  recording 
thermometer  between  high-pressure  cylinder  and  receiver;  (k)  An 
automatic  blowout  valve,  to  act  if  temperature  rises  above  a 
safe  point,  is  advisable;  (1)  Inlet  air  should  be  free  from  dust; 
^washed  if  necessary;  (m)  While  running,  never  inject  kerosene 
into   the   compressor   to   cut   carbon    deposit. 

Data  to  Be  Qiven  When  Inquiring  About  Air  CompresioTi. 
When  writing  for  prices  or  other   information,  give  as  complete 


^ 


36  HANDBOOK  OP  CONSTRUCTION  EQUIPMENT 

data  B.S  poaaible  regarding  eerviiM  to  be  peTfbrmed  and  local 
conditJonB.    Following  points  should  be  covered ; 

(a)  Purpose  lor  wliich  the  air  is  to  be  uaedi  (b)  volume  of 
free  air  required,  cubic  ft.  per  minute;   (c)  working  air  pressure; 

(d)  altitude,  if  over  1,000  tt,  above  sea  level;  (e)  number,  size, 
and  kinds  of  machines  to  be  operated  by  fompreesed  air;  (f)  if 
air  is  to   be  used  for  pumps,  give  make,  size,  speed  and  head; 

(g)  if  for  raising  water  by  the  air  lift,  state  flow  per  min.  in 
gal.,  dia.  and  depth  of  well,  and  height  of  delivery  above  average 
height  of  water  in  the  well;  (b)  whether  the  demand  for  air 
will  be  constant  or  intermittent;  (i)  whether  the  compressor 
will  be  operated  by  steam  or  power;  (j)  if  steam-driven,  state 
steam  pressure,  kind  and  cost  of  fuel,  type  of  engine  preferred, 
and  whether  condensing  or  non 'condensing;  |k)  if  power  driven, 
state  motive  power,  and  whether  direct  connection,  belt,  or  gear- 
ing is  preferred;  (I)  if  belt-driven,  give  hp.  at  belt,  and  if 
space  is  limited,  state  maximum  distance  allnwabSe  between  driv- 
ing centers;  Im)  if  electric -driven  give  particulars  as  to  current 
and  motor;  (n)  if  water  power  is  to  be  used,  give  hp.  available, 
or  head  or  fall  of  water  in  feet;   also  cu.  ft.  of  water  per  min.; 

(o)  state  transport  facilities.  If  machine  must  be  seetionalized, 
state  heaviest  wt.  allowable  for  a  single  package;  {p)  state 
style  of  compTCBBOr  preferred.  If  portable,  state  whether  for 
surface  or  underground   service,  and  kind  and  source  of  power. 

Transmission  of  Compbessed  Aib  in  Pipes 

Pipe  lines.  Wrought  iron  and  steel  pipe  is  lap  or  butt-welded. 
As  lap-weld  is  the  stronger,  it  is  used  for  the  larger  sizes. 

Pipe  up  to  3  in.  are  usually  butt-weld,  though  lap-weld  pipe  as 
small  as  1.25  in.  is  made.  Pipe  and  fittings  should  be  galvanized  ^ 
inside,  as  the  scale  from  black  pipe  may  injure  machines  using  i 
the  air.  Extra-heavy  pipe  for  high  pressure  may  be  had. 
Wrought  iron  spiral -seam  riveted  pipe  is  useful  for  large  sizes. 
Rolled  sheets,  with  punched  edges  ready  for  riveting,  are  con- 
venient for  transport  to  remote  regions. 

Joints.  W.  I.  pipe  lengths  are  connected  by  sleeve  couptinga. 
or  by  C.  I.  flanges  into  which  the  pipe  ends  are  expanded  or 
threaded.  Sleeve  couplings,  which  are  suitable  for  all  except 
very  large  sizes,  should  be  put  on  with  white  or  red  lead,  espe- 
cially where  leaks  may  develop  in  shifting  ground.  Gaskets  are 
used  for  flange  couplings;  asbestos  near  the  receiver,  brown 
paper  elsewhere.  Expansion  joints  are  necessary  on  long  lines, 
but  too  many  should  be  avoided  as  they  are  likely  to  leak. 

Cost  of  laying  gas  mains  of  4,  6  and  10  in.  diameter,  and  W.  I, 
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sleeve- joint,  6  and  8  in.  air  pipe,  ia  given  in  Oillbtte's  "  Cost 
Data,"  pp.   1802,   IS04. 

TrmnimlRBloii  Lotiei  in  compressed  air  pipea.  The  heat  of  com- 
pression is  quickly  loet  in  the  first  few  hundred  ft.  of  air  main, 
and  cannot  economically  be  retained  bj  non-conducting  covering. 
Before  using  air  expansively,  it  should  be  reheated. 

TransmiBslon  Line  Hints.  Losses  from  leaky  joints  or  unsound 
pipe  often  exceed  all  other  transmission  lossea,  Pipea  should  he 
inspected  regularly  to  eliminate  waste  of  power.  Pipe  of  too 
small  diameter  reduces  efTective  pressure  by  causing  high  Telocity 
and  undue  friction.  Velocity  in  mains  should  not  exceed  20  to 
2o  ft.  per  Becond;  in  abort  branch  pipea  it  may  he  40  or  50  ft. 
Pipe  with  rough  interior  caunes  excesHive  friction  loss.  Each 
length  should  be  cleaned  of  foreign  subfltances  before  coupling. 
Lead  forced  into  the  pipe  at  couplings  makes  ob»tructive  ridges. 
Surface  mains  should  be  protected,  to  avoid  freezing  of  the 
moisture  and  eon»e(juent  obatnietion.  Teen,  elbowa,  and  other 
fittings  cause  friction  and  should  be  avoided  wherever  poesible. 

FwcnoM  OF  Globe  Valves,  Tees,  and  Elbows 

Sednctlon  of  fressnre  by  globe  valves  ia  the  same  as  that 
caused  bj  an  added  length  of  straight  pipe,  aa  follows: 

Added  length  =  (U4  X  dia.  o(  pipe)  -i-[l-|-  (3.6-i-dia.}] 

Din.  nr  pipe,  is 1       1,5       1       2,5       a       S.5       t       G  B 

Added  KDgth.  ft 2       i          T      10        13      16        20      28  SG 

Di'.     of  D  ■...    in IS        10      11        15      18        20     3J  W 

Added  length,  (t 4i     53        TO      S8      115    U3      162    181  9)0 

Eednctloa  of  rressnre  by  elbows  and  tees  is  equal  to  two- 
thirds  of  that  caused  by  globe  valvea.  Following  are  the  added 
lengths  of  straight  pipe  equi\-alent  to  elbows  and  tees; 

Dia.  o(  pi|v,  in 1       1,5       2       2.S  3  2.S  (  5  S 

Added  lenstb.  ft 23          ET  9  11  13  1»  £4 

Dia.  of  t>ipe.  In IS  10      12  15  IS  20  32  » 

Added  length,  ft.  ....  30     35  47      5»  T7  96  108  120  134 

These  additional  lengths  of  pipe  for  globe  valves,  elbows  and 
t«es  must  be  added  in  each  case  to  length  of  atraight  pipe.  Thus 
a  6-in.  pipe  500  ft.  long,  with  I  globe  valve,  2  elbows  and  3 
tees  would  be  equivalent  bo  a  straight  pipe  500  -|-  36  +  (2  X  24) 
+  (3X24)  =668  ft.  long. 
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ASBESTOS 

Asbestos  Building  Felt  and  SheathinK  in  less  than  ton  lots 
costs  14  c^ntfi  per  lb.  and  may  be  had  in  thickneBees  weighing 
from  6  to  56  lb.  per  lOl)  sq.  ft. 

Asbestos  Hill  Board  is  made  in  standard  sheets,  40  by  40  in. 
and  42  by  48  in.  It  varies  in  tbiekneas  from  i^g  to  >^  in,,  and 
in  weight  from  4  to  27  lb.  per  sheet.  The  price  ih  ton  lots  pef 
lb.  is  $0,085;  in  less  than  ton  lota,  in  crates  of  approximately 
400  lb.,  $0.0!)  per  lb.;  and  in  quantities  of  less  than  400  lb.,  its 
price  per   lb.   is   $0,125. 

Transtte,  Asbestos  Wood  u»ed  for  fireproofing  work,  ventilat- 
ors and  smoke  jackets,  comes  in  standard  sheets  30  by  48  in.,  42 
by  4S  in.,  and  42  by  06  in.  It  may  be  had  in  all  thicknesses  from 
1,^  in.  to  2  in.,  and  weighs  from  about  1.4  to  20  lb.  per  sq.  ft.  It 
costs  in  less  than  ton   lots  SOU   per  lb. 

Asbestos  cements  are  used  for  covering  boilers,  domes,  fittings, 
etc.,  and  all  irregular  surfaces,  and  may  he  used  over  asbestos 
air  cell  boiler  blocks,  when  it  makes  an  excellent  covering. 
When  mixed  with  water  to  a  consistency  of  mortar  and  applied 
with  a  trowel,  it  forms  a  light  porous  coating  which  is  the  most 
cfTicient  non-conductor.  The  cost  of  this  cement  is  $4,50  per  bag 
of   100  lb. 
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Portable  Asphalt  Hixinz  Plant.     A  plant  of  the  two  unit  type 
having  a   capacity  of  800  sq.  jd.  consiets  of  the  following: 
lat    Unit:      Boiler,   engine,   cold   material   elevator,    screen,    Band 

and  Btone  storage  bin,  meaauring  box,  weighing  bucket,  mixer, 

complete  all  mounted  on  steel  frame  and  whcela,  weighs  44,200 

lb.   and  costs  $11,500. 
2nd   Unit:     Portable   steam   melting   kettle,   3,000  gal.   capacity, 

mounted  on  wheeU,  weighs  11,300  lb.,  and  costs  $2,300. 


Fig.   15.     Two  Unit  Portable  Asphalt  Plant. 

A  three  unit  plant  similar  to  the  above  in  capacity  is  aa  fol- 

Ist  Unit:     Mixer,  drier,   etc.,  weight   34,200  lb„   price   $0,000. 
2nd  Unit:     40  hp.  portable  boiler  and  25  hp.  ateam  engine,  weight 

12,600  lb.,  price  $3,200. 
3rd  Unit:     Same  as  aei'imd  unit  in  above  outfit. 

A  three  uni.t  plant  BJmilar  to  the  above  rated  at  1,250  aq.  yd. 
capacity  ia  as  IoHowhl 
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let  Unit:     Mixer,  drier,  etc.,  weight  38.000  lb.,  price  $12^00. 
2nd  Unit:     50  hp.  portable  boiler,  25  hp.  engine,  weight  13,100 

lb.,  price  $3,700. 
3rd  Unit:     Two  2,400  gal.  portable  steam  melting  kettles,  weight 

10,600  lb.,  price  $3,700. 


Fig.   16.     Portable  Asphalt  Plant. 

Portable  Eoad  Asphalt  Plant.    The  following  is  a.  description 

of  a  plant  made  in  three  aizes.  Thewe  pUnta  consist  ot  three 
unite.  For  the  plant  having  a  rat«d  capacity  of  75  yard^,  or  the ' 
equivalent  Toppka  Mixture  Asphaltic  Concrete- Asphalt  Macadam, 
or  any  of  the  patented  hot  mixture  asphalt  pavements  per.  hour, 
the  first  unit  conHJett*  of  a  aaiid  drum,  capacity  8  tons  per  hour; 
mixer,  capacity  5  cu,  ft, ;  sand  bin  with  rotary  screen  divided 
into  two  compartments  so  that  Sheet  Asphalt  Topping,  Topeka 
Mix  or  Asphalt  Concrete  can  be  laid  without  change,  capacity 
5  tons;  measuring  box  arranged  so  that  hot  sand  and  stone 
tor  each  batch  is  weighed  quickly  and  accurately;  asphalt  bucket 
arranged  so  that  the  asphalt  (or  each  batch  is  accurately  weighed; 
mounted  on  all-steel  trucks.  The  approximate  shipping  weight 
of  this  outfit  ia  35,000  lb.  and  it  costa  810,000. 

The  second  unit  consists  of  a  30  hp.  locomotive  type  portable 
holler  and  a  25  hp  engine,  mounted  together  on  an  all-ateel 
truck.     It  weighs   10,800  lb    for  shipment  anil   costs  $2,500. 

Tlie  third  unit  consists  of  a  portable  melting  kettle  having  a 
capacity  of  12  tons,  mounted  on  steel  trucks  and  furnished  with 
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tvo  platfonuH.  The  shipping  weight  is  approximatelj  12,000 
lb.,  and  the  price  ia  |1,T50. 

The  plant  having  a  capacity  of  125  sq.  yd.  has  a  eand  drum  with 
B  capacity  of  12  tooa  per  hour;  a  7  cu.,  ft.  batch  mincer;  a  T  ton. 
sand  bin;  meaAuring  box,  aiphalt  bucket  and  ia  mounted  on 
trucks.  It  weighe  approximately  42,000  lb.  for  shipment  and 
costs  (12,500. 

The  second  unit  is  the  same  as  in  the  75  yd.  size.  The  third 
unit  ie  also  the  same  aa  in  the  76  yd.  size. 

The  plant  having  a  capacily  of  IBO  sq.  yd.  has  in  the  first  unit 
a  sand  drum,  capacity  of  18  tons  per  hour;  a  9  cu.  ft.  steam 
jacketed  mixer,  a  10  ton  sand  bin,  meaauring  box.  burket  and 
U  mounted  on  steel  trucks.  It  weighs  approximately  40,000  Ib- 
for   shipment  and   costs  $15,000. 

The  second  unit  consists  of  a  60  hp.  boiler  with  a  40  hp. 
engine  mounted  on  it  with  licit  and  weighs  10,000  lb.  for  ship- 
ment and  coats  $3,000. 

The  third  unit  consiBts  of  two  of  the  same  kettles  as  used  in 
the  other  outflts. 

The  following  men  are  required  to  run  any  of  the  three  sizes; 
one  additional  man  for  the   180  yard  size: 

1  Drum  flreman. 

3  Men  on  the  mixer  platform  for  sheet  asphalt  and  other 
mixtiirea  requiring  the  addition  of  dust. 

2  Men    on   the   mixer   platform  for   Topeka  mix  or   other 

pavement  not  requiring  additional  dust. 
1  Man  to  fire  and  atWd  to  the  tempn'ature  of  the  kettles. 
1  General   foreman. 
1  Engineer   if   ateam   power   be   used;   he   can   be   dispensed' 

with  if  electric  power  be  used. 
1  Oiler  and  general  handy  man. 

Sufficient  laborers  to  carry  wet  sand  and  stone  to  the  cold 
material   elevator. 
For  municipalities,  these  portable  plants  may  be  used  as  sta- 
tionary plants  by  removing  the  axles  and  wheels,  setting  up  the 
plant  on  a  permanent  concrete  foundation   and   surrounding  the 
plant  with  a  suitable  building  of  light  construction. 
This  plant  is  illustrated  by  Fig.' 17. 

A  portable  asphalt  mixing  plant  haa  the  following  dimensions; 
length  over  all  35  ft.,  width  over  frame  7  ft.  3  in.,  width  over 
wheels  12  ft,  3  in.,  wheel  base  22  ft.,  height  over  all  when  work- 
ing 21  ft,  0  in.,  and  height  over  all  when  the  elevator  is  taken 
down  for  travel  12  ft.  The  specifications  are  as  follows;  Asphalt 
kettle  capacity  1600  gallons  or  approximately  20  barrels;  boiler 
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48  in.  by  104  in.,  vertical,  34  hp.;  engine  10  in.  by  10  in.,  vertical, 
25  ]ip.;  boiler  water  tank,  300  gallons;  traveling  Kpeed  one  inil<^ 
per  hour;  enj>acity  of  bat(h  %  vru  yd.  or  l.OOO  lb.;  weirjlit  cif 
machine,  approximately  26  tons.  Price  f.  o.  b.  factory  $9,000,011. 
An  asphalt  mixer  was  used  in  Lincoln  Park,  Chicago,  duving 
1910  to  ciyiHtruct  an  asphalt  surfaced  driveway.    The  road  was 


Fig.  IT.    Dryer  and  Mixer  Unit. 

40  ft.  wide  X  4,G31  ft.  long,  and  had  2  inrhes  of  anphalt  on  ai 
in.  base  of  crut-hed  stone.  The  total  amount  of  asphalt  v 
22,318  sq.  yds.  The  material  was  mixed  in  an  asphalt  mixer 
the  following  proportions; 

LbB. 
1  part  torp*do  K»nd  IW 

Asphalt    ....' M 

Tot»l  7iu,  (t.  or  1  box >*1 

The  total  costs  were  as  follows: 

Labor  on  Mone,  per  aq.  yd : |0.4« 

Ijabor  on  aHptaalt.  per  cq    jd -,.-...  .3G3 

Stoiw  for  bMe.  per  m.  yd .SM 

Asphalt   msMrial    .SM 

ToUl  per  Bq.  )'d tl-ftSS 
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Lktrar  eoU  of  eirb.  p«r  Ub.  ft.  t   M 

HaMrial  c«n  o(  curb,  p«r  lin.  ft.  21 

Toua  MUt  «I  curb  10.86 

These  costs  include  all  repairs  t«  the  plant,  but  no  depreciatiu 
The  cost  of  the  plant  was  as  follows ; 

Liok  Belt  Co..  uphAlt  miier  t  5.S90 

OMollDe  tmetor 1.200 

e-too  reller 1,900 


Total  Talne  of  pUnt  {1»10)    Ul.QM 

The  nranleipal  aipbalt  repair  plant  of  New  Orleans,  La.,  watt 
erected  on  a  lot  175  ft.  x  200  ft.,  and  covers  about  1,600  square 
feet  of  ground. 

The  cost  of  plant  was  as  follows  (1904  prices) : 

DenKriition  ot  old  nrbage  Plant  buiMinn %     4T&.W 

AaphaK    plant  — Warren    Bros.    Ajphalt    Pttiag    Go's 
eootrart,   |1S,S6I.6S:    city  allsraluiiu  aod   additiDni, 

K.7M.60    IS.599,00 

Tird  feneea  and  gMei  SES.oo 

Swttcli  trarlm   1.139  00 

Yard  paTcmenti  and  drains  S.TZI  00 

Tower  tank  aod  Biter   l.Un.oO 

Wat«  pipea  and  ontlrta  1,015.00 

WalerhoDK  and  pUlfonn  MTl.OO 


8IOD>  crniher  and  atorace  bin  1,968.00 

Yard  matfiial  him J3J.00 

OBIcB  and  More  room  balldlDR  6.BO9.0O 

Landing  bins  and  roida  MUOO 

Liihllng KIOO 

Oeneral  cleaning  of  premises  MOO 

Total    H8,STO.OO 

In  addition  to  134  tooln  of  various  kinds  included  in  the  eon- 
tract  price,  the  plant  is  furnished  with  the  followin};:  1  roller- 
mounted  platform  soales:  1  4-wheel  hand  tmek ;  12  wheel barroivn. 
18  xbovels;  10  axes;  6  picks;  S  crowbars;  R  sledge  hammers:  and 
a  number  of  small  tools.  The  shed  tools  connist  of  the  following: 
2  tool  boxes;  18  street  barriers;  1  8-ton  steam  roller;  1  3t4-ton 
steam  roller;  1  1,000-lb,  hand  roller;  1  lire  wagon;  1  mixing 
kettle;  18  asphalt  irons;  66  asphalt  axes;  107  picks;  18  mattocks; 
112  shovels;  24  wheelbarrows-,  G  axes;  2(H)  ft  of  hose;  fi  slrdsc 
hammers;  8  chisels;  10  iron  bars:  and  other  small  tools.  The 
testing  laboratory  in  equipped  with  cement  testing  apparatus,  nil 
testers,  brick  testers,  etc. 
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In  addition,  17  mules,  3  horses,  8  sets  hamesB,  halttfs,  blan- 
ketB,  etc.,  for  the  Blnule,  and  10  wagons.  6  carts,  2  farm  wagons, 
1  float  dray  and   1   buggy  were  puii'hatied. 

This  equipment  cout  an  follows: 


LalH^aUiry  equipi 
Totsl 


Additional  equipment  wai 
1  T-toD  sleun  road  roller  .  ■ 
1  TmigalloD  CB|iaci1y  r<ud  xi 


LIts  Mock  1,700.00 

TotH    t4.7M.O0 


"■c^r 

ToMl 

Lake  Bhore  saad,  2,5«0  ru.  yd 

m 

2.566 

Trbi'fDom  Ri»t  .and,  260  en.  yd 

IEHm"""'-'-'-'-  ■■--■■■■ 

".'.'."'.         27 

g'e'i;fS';.?ViVfte^W^2i;i-2io::::::;::: 

:::::::    :ot 

'■S? 

Otd  buildini  brick,  8,500  

LbIi..  KtH'lig.  3.018  cu.  yd 

BnckbaH,  690  cu.  yd.  ,. 

Drs\iI"."pe»*andy«.'a;o2eiin.tt:' ;!.:;::: 

1.48 

^i 

Englnecm'^  sunplica  

Knt 
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Duriog  the  same  period  of  time  the  plant  turned  out  88,947 
cubic  feet  of  wear  surface  which  equalB  49,416  aqufiie  yards  of 
2  inch  pavemcDt. 

The  largest  day's  run  was  205  boxes  of  wearing  surface  mix- 
ture. One  box,  or  9  cubic  feet,  will  lay  5  square  yards  of  2-incb 
pavement. 

Opetation  CMt,  Municipal  Asphalt  Flant  of  the  Sistrlot  of 
Columbia.  Itemized  costs  for  the  operation  of  the  District  of 
Columbia  municipal  asphalt  plant  are  cMitained  in  a  report  by 
the  engineer  department  for  the  year  which  ended  June  30,  1918. 
-  The  plant  output  for  the  year  was  185,952  eu.  ft.  of  material, 
consisting  of  151,152  cu.  ft.  of  old-material  mixture  22^6  eu. 
ft.  of  asphaltic  concrete  mixture,  and  12,744  cu.  ft.  of  topping 
mixture.  The  plant  was  operated  for  214  days  with  an  average 
daily  output  of  869  cubic  feet. 

Hauling  by  motor  truck  was  introduced  during  the  year  for 
hauling  the  hot  mixture,  and  was  found  to  be  both  economical  and 
ndvantagcous.     About  90%  of  the  hot  haul  was  done  by  trucks. 

Municipal  Asphalt  Plant  Costs  at  Washinoton,  D.  C. 
Based  mi  1  cu.  ft.  of  Mixture 
Old-Material  Mixture 
Hatetlsl  coat: 

Old  materlat,  0.6  en.  ft.,  at  tl.05  pec  cu.  7d iO.OS33 

Sand.  D.34  cu.  ft.,  at  11.43  per  cu.  yd DISO 

Llmeatone  dust,  2.1  lb.,  at  )3.tS  per  ton .0038 

Aaphttllic  cement,  4.12  lb.,  at  113.10  per  too 03S3 

Tout  cost  of  malarial  per  cubic  foot |0.08t4 

Hanafaetnilne  and  placiag  coat: 

Plant  labor" »».059S 

Hot  haul   0498 

Street  laying  , 1974 

,llatnt«n>Dee  of  nUnt  and  toola  .018S 

SnperriiiDn    0432 

TOUl    tO.3636 

Total  coat  pet  cubic  foot OSB 

Asphaltic  Concrete  Mixture 

Katerial  cMt; 

ScrreningB,  0.6  en.  ft.,  al  «.J0  per  tMi  .0881 

8«ad,  O.Bcn.  fl.,  at  n.4S  per  cu.  yd ,0i«5 

Limeatone  dmt.  1.2  lb.,  it  ».6J  per  ton  JoStS 

Amballlc  cemwil,  US  lb.,  at  IIS.UI  p«i  ton  .087G 

Total  coal  of  material  W.IStT 

Uaunfictuiing  and  placing  coat  J6SS 

Total  cent  per  cubic  foot  t0.B2JB 
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Topping  Mixture 
Uaterial  cost: 
8snd,  1. 


t,  1.2  lb.,  >t  t3.6S  per  M 
■ .,  at  llS.lO  pi 


t,  ».ie  lb., 


Total  cost  of  malMisI tO.liSl 

Manufacturing  and  placing  cost .S68S 

ToUl  cost  per  cubic  foot W.6166 

A  Bummary  of  the  costs  of  materia,),  operation,  hauling,  lading, 
maintenance  and  eupervieion  is  given  in  the  table.  The  cost  of 
minor  repairs  to  sheet-anphalt  pavements  during  the  year  averaged 
1.7c.  per  square  yard  on  a  yardage  of  3,004,706.  Tlie  average 
costs  for  the  paat  10  yeara  have  berai  as  follows:  1908,  3.8c.; 
10O9,  2.3c.;  1910,  2.6c.;  1911,  2.2o.;  1912,  2.4c.;  1913,  2c.;  1814, 
1.9c.;  1915,  1.9c.;  1916,  1.8c.;  1917,  1.5c.  The  plant  began 
operations  in   1912. 

ASFHAIT  FATIHa  AITD  BEPAIBIHO  EQUIPHEITT 

Surfaee  Heateri.  A  heater  primarily  designed  for  heating  old 
asphalt  pavements  in  repairing,  but  which  may  also  be  used 
for  general  heating  and  drying  purposes,  burns  either  gasoline  or 
kerosene.  The  heater  weighs  approximately  615  lb.  for  shipment 
and  costs  $190.     It  is  made  in  the  following  sizes; 

*  by  b  ft 6 

3  by  1  ft * 

2  by  4  n 3 

1  by  4  ft 2 

Another  make  of  surface  heater  has  the  following  specifications; 
Fire  Pan  — 6  ft.  by  6  ft.  by  6  in.,  Hat  top.     Can  be  raised  and 

lowered   by   one   man. 
Tanks  —  main  tank,  35  gal.,  auxiliary  tank,  18  gal.,  total  63  gal. 
Consumption  —  6  gal.  per  hr.,  kerosene. 
Wheels  —  33-iii.  staggered  spokes,  steel. 
Fittings  —  air   and   oil   gauges,   valves,   etc. 
Shipping  weight— 1,300   lb. 
Price—  S525,  f.  o.  b,  Detroit,  Mich. 

The  manufacturers  claim  that  this  heater  will  remove  500  sq,  yd, 
to  a  depth  of  one  inch  in  eight  houra, 

KcroKne  Tool  Fnrnace.  This  furnace  is  designed  to  replace 
the  old  style  fire  wagon  to  get  away  from  the  smoke  and  dirt 
and  time  lost  in  heating  the  tools.  With  the  kerosene  furnace  it 
takes  about   15  minutes  to  heat  up  the  toola  ready  tor  use. 

This  furnace  has  the  following  specifications:     Capacity  —  ap- 
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proximately  13  assorted  tools,  rakes,  shovels,  tampers,  etc.;  three 
burners,  flame  plays  directly  on  the  tools;  two  18-ga).  tanks,  30-iii. 
steel  wheels,  fittings,  gauges,  etc.,  complete.  Shipping  neight 
1,050  lb,,  price  $320,  f.  o.  b.  Detroit,  Mich. 

Fire  wagon  fur  heating  asphalt  tools  mode  of  heavy  steel 
channel  sections  anil  equipped  vith  uprights,  cross  bar  and 
hooks,  mounted  on  metal  wheels,  has  a  shipping  weight  of 
1,360   Ib„  and  costs  $155. 


Fig.  18.    Fire  Wagon. 

Hand  roller   for   patching  weighs  approximately   1,160  lb.  for 

shipment  and  costs   $135. 

Old  material   pan   for   re-heating  old   asphalt   is  alwut   10   ft. 
long,  i   ft.  wide  and   14  in.  deep.     It  has  a  shipping  weight  of 

725  lb.  and  costs  $125. 

Keitles 

Cipicily  ApproiimBtc 

ingsl.                                   Kind                                weight  in  lb.  Price 

10       PorUblo  patrol  lietlle  135  l« 

60       StatiaDSry  rEcUaiulHr   kettle    £S0  Be 

109       Swiionary  rectanpilar  kettU    405  14fl 
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FortBble  recUDKulsr  kettle  TDO 

Portiible  rBctangular  liBllle 1115 


BlsUonary  r 
ForUb]ii  con 
Portable  con 


Pourine  pot,  1 


(  krttis  Willi  iiood ma 

■  ketlte  with  bood  .... 


Asphalt  Tools 


AppnuimBM  I 

wei(htinlb.    < 

lidi.    1 


Dirii*™  with 

A^uhull  cutU 


hBDdleti.  9  «l.  , 

itholil 'hindllt  '. 
omoor-npn,  Hftpnait,  1014  b;  ti\L  in, 
SmoMliB™,  ."phBlt.  im  by  T%  in. 

Tamper».  Mpbalt,  8  by  «  in 

Tamp*™,  mipbalt,  E  b. 


8  bf  6  in. 


•i^iiip^re,  I 
A«Jji1ll™'rB 


Aanhnit  [iilrhiait  hors  . 


ihall  KhowK  HOlid  KWket  —  6 

ihalt  nhovfla.  oiwn  aooket *'■ 

Win  .lirrinjroda W 

■tie  (liuu   ,.,. * 

die  nhOTela,  long  hindlfs  4 

piices  appi;  en  each  order  for  aiz  or  more  oi 
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AUTOUOBILES 
(See  Motor  Trucks.) 

Passenger  Cart.  For  use  of  a  superintendent,  the  passenger 
automobile,  enabling  him  to  no  from  place  to  place  with  speed 
and  convenience,  is  prscticallj'  indispensable.  Their  first  cost 
is  known  to  almost  everyone  who  reads  the  papers,  but  the  cost 
of  operation,  which  is  the  important  feature,  seems  to  be  a  mys- 
tery to  owners  until  a  few  months  after  they  Itave  had  their  cars 
in  commission.  The  medium  priced  car,  say  from  $1,200  to 
$1,800  for  a  Ave- passenger  touring  car  equipped,  ia  worth  at 
the  end  of  ita  first  year  a  little  less  than  two-thirds  of  its  first 
cost  if  in  proper  repair,  newly  painted  and  usually  with  two 
new  tires.  After  the  first  year  the  rate  of  depreciation  ia  a 
little  less,  say,  25%  of  the  original  cost  when  new.  It  is  rea- 
sonably safe  to  figure  about  as  follows  for  a  standard  American 

Depreeia^oD  per  T«Hr   2&%-¥)% 

Inlerert 6% 

Repslm  Had  psinling  a]'»-*0% 

Storago  (garsgo)    (ifincitiw)    16%-a)% 

(Lew  In  tonntry) 

GsaoUna  and  oil.  10,000  miles  U%-X% 

These  figures  are  intended  to  represent  average  conditions, 
and  may  easily  be  exceeded  by  careless  handling  or  rough  usage, 
and,  on  the  other  hand,  may  be  too  high  for  certain  condi- 
tions. The  very  high  priced  cars  will  not  depreciate  as  fast  as 
25%,  while  the  very  low  ones  may  depreciate  faster  than  40%. 
If  given  less  than  average  use  the  repair  bill  will  be  low,  and 
the  gasoline  and  oil  coats  will  be  reduced  in  proportion.  If 
not  used  at  all,  but  stored  at  a  minimum  rate  of  5%,  the  above 
costs  will  foot  up  to  38%  of  the  cost  of  the  car  new,  while  with 
very  moderate  usage  50%  would  seem  nqne  too  high.  The 
proper  unit  for  gasoline  cost  ia  that  of  the  car  mile,  but  here 
it  has  been  assumed  to  be  on  the  basis  of  gasoline  at  35  cents 
per  gallon  and  twelve  car  miles  per  gallon  of  gasoline.    I  have 
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allowed  %  cent  per  mile  for  oil,  lUEiking  3.5  cents  per  mile  in  all. 
or  $350  for  10,000  miles,  which  would  be  23%  of  the  first  cost  of  a 
SIpSOO  car.  The  othei-  fif>ure9  are  pvoiierlv  in  terma  of  pereentaire 
of  first  cost  per  year,  and  the  fuel  costs  have  heen  assumed  aa 
above  to  get  them  into  the  same  units  for  comparison.  The  last 
item  is  relatively  unimportant,  and  becomes  insignificant  if  the 
car  is  not  much  used. 

If  the  average  $1,500  car  is  used  200  days  in  the  year,  averag- 
ing fifty  miles  per  day,  its  daily  cost  on  the  at>ove  basis  will  be 
$!).00,  which,  allowing  for  chauffeur  and  overhead  eKpensea. 
checks  with  the  ortlinary  rental  charges.  The  price  of  gasoline  i9 
not  lii(ely  to  be  lowered,  but  is  gradually  advancing,  and  repair 
and  storage  rates  tend  to  increase  with  the  lapse  of  time.  C'mi- 
sequently,  the  total  percentage  for  annual  maintenance  cost,  in 
terms  of  the  selling  price,  is  liliely  to  grow  from  year  to  year  the 
country  over,  the  selling  prices  tending  to  steadily  decline  until 
they  reach  a  standard  cost  of.  production  plus  standard  overhead 
charges  and  reasonable  profits. 

Many  figures  of  "  sworn  statements "  as  to  repair  costs  have 
been  published  in  the  interests  of  tlie  manufacturers  of  cars. 
These  may  be  useful  as  advertising  matter,  but  they  are  hardly 
a  safe  guide  when  financing  u  purchase. 


c.Googlu 
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BACEPiLmra  uachutes 

In  trenching  work  where  machines  are  ueed  for  excavation,  the 
cost  of  backfilling  {by  hand)  ik  frequently  higher  than  that  of 
excavation,  and  there  it  opportunity  tor  considerable  saving  in 
this  it«m  by  the  use  of  machinei  instead  of  hand  labor. 

The  Dragline  Baokfllllng  Machine.  The  wheel  type  without 
traction  ia  made  in  the  smaller  eizea.     It  is  desigaed  to  be  drawn 


Fig.   19.     Gasoline  Backfiller. 

by  a  horse  or  trailed  behind  a  motor  truck  to  the  job.  It  is 
moved  along  with  the  work  on  the  job  by  its  own  power,  by  the 
line  of  the  winch  head  and  an  anchored  line.  This  type  of  ma- 
fhine  equipped  with  a  pulling  drum  having  a  capacity  of  175 
ft.  of  %-in.  cable  and  a  maximum  capacity  of  a  1,700-lb.  load  at' 
a  single  line  speed  of  85  ft.  per  min.  weighs  appro.^imatelv 
4,<100  lb.     Price  f.  o.  b.  factory,  $700.00. 

The  following  table  gives  the  aiie,  weight  and  price  of  the  wheel 
type  with  traction. 

61 
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Gasoune  Dbiven  Backfilling  Machihes 

Wheel  type,  with  traction 

Aiiproxfiiinle  Pticb 

Hone  power  ehipping  weight  In  lb.  f .  a.  b.  fmclorj 

5  2300  1 820 

6  34W  890 
T                                      4000                                         950 


Fig.  20.     Back61ler  with  Traction. 

The   following   table   gives   the   size,   weight  and   price 
caterpillar  traction  type. 

Gasoline  Dbiven  Backfilling  Machines 
Caterpillar   traction   type 


BackHlling  machtnea  equipped  with  a  winch  head  may  be  uaed 
for  varioua  purpoaes  benideii  backfilling,  such  ae  raising  telegraph 
poles  by  a  gin-pole,  pulling  cable  tbrough  conduit,  palling  crib- 
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bing,  lowering  pipe  into  a  trench  or  unloading  it  from  cars  (iee 
Figs.  21  and  22),  and  many  others  where  temporary  power  ia 
required. 

Baokfilllnc  Wairont,  The  following  noteB  are  from  the  Exca- 
vating Engineer:  iiy  mounting  a  triangular  3  yd.  box  On  an 
ordinary  wagon  body,  a  Chicago  contractor  was  able  to  avoid 
piling  dirt  on  Btr«et8  and  rehandling  in  a  sewer  job.  The 
top  of  the  box  ia  10  ft.  above  ground  and  the  Qoor  forme  a 
chute  starting  at  the  top  on  the  outBidc  and  extending  at  a  46- 


Fig.  21.    Unloading  Pipe  from  Car. 
Kg.  22,     Lowering   Pipe   into  Trench. 

d^g.  angle  past  the  aide  of  the  wagon  for  a  distance  of  abont  3 
ft.  This  overhang  Ib  Buffleient  to  permit  discharging  the  material 
into  the  trench  and  still  keep  the  wheels  of  the  wagon  from 
crumbling  the  edge  of  the  trench.  The  discharge  gate  consists 
of  a  door,  hinged  at  the  top,  controlled  by  a  lever  beside  the 
driver's  seat.     See  Fig   23. 

BaoUUltng  with  a  Koad  Boiler.  The  following  notes  are  taken 
from  Engineering  A'eioa,  May  13,  lOlSt 

For  rapid,  cheap  and  elective  backfllling  of  trenches  the  Lo» 
Angeles  City  Water  Department  has  utilized  its  steam  road 
roller,  rigfced  up  to  what  the  force  calls  a  "pusher,"  the  con- 
trivance being  capable  of  doing  three  times  the  amount  of  work 
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that  can  be  accomplished  by  Hti  average  scraper  gang,  at  one-lialf 
the  expense.  The  device  is  shown  in  the  illustration.  It  con- 
sists of  a  piece  of  Oregon  pine,  2  x  12-in.  by  3  ft.  long,  shod 
with  iron,  well  braced  and  bolted  to  a  6  x  6  Oregon  pine  beam,  10 
ft.  long,  attached  after  the  manner  of  a  wagon  tongue  to  the 
front  of  a  7-ton  10-hp.  Kelly-Springfield  road  roller.  The  beam 
is  supported  by  tackle  from  a  mast  of  4  x  4  Oregon  pine  fastened 
on  a  hinge  to  the  frame  of  the  roller  and  held  in  place  by  wire 
guyB._ 

This  machine  was  used  on  backfilling  5  miles  of  ditch  excavated 
for  a  40-in.  riveted  steel  main,  the  trench  being  5  ft.  deep  and  514 
ft.  wide.     The  spoil  bank,  which  wae  of  reastmable  dry  earth,  had 


Fig.  23.     Piling  Dirt  on  Streets  and  Rehandling  Avoided  by  Use 
of  These  Wagons. 

a  base  of  approximately  12  ft.  and  a  height  of  about  6  ft.  After 
the  men  became  accustomed  to  the  use  of  the  equipment,  with 
every  forward  trip  of  the  roller  a  cubic  yard  of  fill  went  into  the 
trench.  Not  only  was  the  machine  satisfactory  from  the  volume 
of  earth  moved,  but  it  was  found  that  the'  roller  could  hack  up 
to  a  freeway,  go  forward  again  and  have  its  load  in  the  ditch 
in  the  time  that  a  two-horse  fresno  was  getting  into  position  for 
its  load. 

The  machine  on  this  ditch   in  an  S-hr.  day  did  an  average  of   I 
450  lin.   ft.  of  backfill,  the  e.\perise  being  one  man  to  K^ide   the   | 
"pusher"   or   plowshare   at   $2.50;   a   second   man   to   raise   and 
lower  the  tongue  1^  means  of  the  tackle  at  $2.50:  a  steam  engineer 
for  the  roller  at  $3.60;  and  800  lb.  of  coal  at  $13.50  per  ton  — 
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B  total  of  $13.90.  (This  rate  would  be  conaiderably  lowered  in 
*  locality  where  cheap  coal  ia  to  be  had.)  On  the  same  work 
Liefore  the  contrivance  was  put  in  service  two  two-horse  scraperu 
and  drivers  at  $3.50  each  and  one  man  ax  helper  at  $2.50  did 
150    lin.   ft. 

In  working  out  the  final  form  it  was  found  that  the  length 
of  tongue  should  be  nearly  as  long  as  the  base  of  the  spoil  bank 
to   be  moved;   also  that  the  device  must  be  very  strongly  built. 


Fig.   24.    Steam  Roller  with  Pusher  Attachment  Backfilling  a, 
Pipe  Trench. 

Two  conditions  necessary  for  good  work  are  a  fairly  level  ground 
with  no  obstructions  in  the  way  and  sufficient  room  in  the  street 
for  the  length  of  roller  and  tongue  to  get  at  the  ontOT  edge  of 
the  bank.  It  ia  quite  poaaible  to  take  the  bank  at  an  angle,  but 
the  best  results  are  accomplished  when  the  bank  is  hit  squarely. 
Also,  the  use  of  the  machine  involves  stopping  of  traffic  In  tha 
block  in  which  it  is  working. 


c.  Google 


SECTION  5 
BAH  CUTTEAS 


A  cutter  which  is  operated  b;  a  lever  and  takee  round  steel 
bars  up  to  %-in.   in  size,  weighing  about  130  lb.,  coste  $16. 
A  cutter  taking  flat  bars  up  to  %  by  3  in.,  weighing  120  lb.,! 

COBtS    $13. 

The   above   prices   do  not    include   stands. 

A  machine  with  stand  which  cuts  twisted  squares  up  to  1  in., 
and  rounds  up  to  1^  in.,  weighing  about  315  lb.  is  priced  at  96i>. 


Fig.  25.     Home  Made  Bar  Cutter. 

Home  Kade  Bar  Cutter.  Mr.  L.  A.  Francisco  in  Bngin^tring 
Record  has  described  a  home  m^  bar  cutter  as  foltowa:  T 
12  X  12-in.  timber  is  bolted  a  l-in.  thidc  steel  plate  having  two 
holes  over  the  center-line  of  the  timber.  Through  one  of  these 
pauses  the  pyebnit  which  forms  the  hinge  of  the  jaw.  Into  the 
other  fit  several  different  ai7.es  of  anvil  blocks,  for  cutting  different 
sizea  of  Bteel  bars.  The  movable  blade  of  the  shear  was  made  from 
an  old  bridge  eyebar  fitted  with  a  cutting  edge  of  harden 
tool  Bteel.  The  leverage  shown  in  the  sketch  Fig.  25  makes  it 
possible  to  exert  a  pressure  of  about  70,000  lb.  on  this  edge. 


cCooi^lu 


SECTION  8 
BABGES  AND  SCOWS 

Wood  BuftM.  The  following  data  are  vouched  for  b;  Mr. 
C.  W.  Dunham  (Profeattonal  Memoirs),  and  were  publhhed  in 
Engirteering  and  Controcliflj,  July  17,  1912.  They  cover  a  very 
interesting  and  instructive  record  of  initial  cost,  repairs  and  life 
of  various  claases  of  floating  plant  used  on  tlie  Upper  Missis- 
sippi Improvement  during  the  last  thirty  years. 

During  this  period  of  thirty  years,  this  improvement  has 
owned  and  employed  282  barges  (scow),  12  barges  (model),  90 
quarter -boats,  office-boats  and  store-boats,  3  steam  drill-boats,  4 
dipper  dredges,  5  hydraulic  dredgea,  7  pile  drivers,  23  dump 
boatB,  3  snag-boats,  16  tow-boats  of  various  sizes,  and  a  very  large 
number  of  small  steam  and  gasoline  launches,  motor  and  ordinary 
skitra,   pontoons,   and   other   small   piei^es. 

It  will  not  be  practicable  within  reasonable  limits  to  follow 
the  destinies  of  ho  many  pieces,  and  therefore  certain  character- 
istic groups  of  various  kinds  are  taken,  from  the  experience  of 
which  conclusions  may  be  drawn.  Pieces  built  within  the  last 
few  years  are  not  considered.  I  would  say  that  none  of  the 
pieces  up  to.  1908  had  any  kind  of  wood  preserver  except,  ooca- 
Hionally,  Carbolineum  Avenarius  laid  on  with  a  brush,  but  during 
the  past  three  years,  80  barges,  4  dumps,  3  dredges,  33  pontoons, 
and  3  quarterdeck  boats  have  been  built,  of  which  most  of  the 
lumt>er  in  the  hnlls  has  been  treated  with  creosote  by  the  open 
tank  or  dipping  process.  Sufficient  time  has  not  elapsed  to  show 
the  value  of  this  treatment. 

In  1911  we  treated  lumber  in  barge  construction  by  ■  pressure 
process- 
Scow  Brtcm.  The  standard  barges  used  in  this  district  are 
100x20z4i^<ft.  and  110x24x6-ft.  in  size. 

The  barges  used  in  the  earliest  years  of  this  improvement  for 
carrying  rock  and  brush,  were  mostly  of  smaller  size  than  those 
at  present  employed,  were  built  of  white  pine,  and  with  calking 
and  nominal  repairs,  gave  good  service  for  periods  ranging  from 
eight  to  eleven  years. 

■odel  BsTgM.  Early  in  the  improvement  six  oak  model  barges, 
57 
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135x26ESU'ft.,  were  built  on  the  Ohio  River,  three  by  Hovard, 
of  Jeffersonville,  Ind.,  and  three  by  Cuttiug,  of  MetropolU,  III. 
^Thcxe  bargeH,  numbered  a(U62  and  8S-00,  were  built  in  1S82  at 
93.500  each,  and  were  not  i-oademned  until  iDUl,  but  fot  Ave  or 
six  years  pn-vioua  the  repairs  were  very  heavy.  Theae  barges 
were  in  dw  eighteen  years. 

Steel  BaTKM.  Fonrteen  steel  barges  built  for  use  on  govera- 
inent  work  on  the  Mississippi  Hiver  and  placed  in  commission  in 
11112  are  described  in  tinginrering  ontf  Contracting,  April  24,  1912. 
XbeM  barges  cost  $0,300  each,  have  a  capatity  of  about  400 
tons,  auil  an  estimated  lite  of  over  twenty  years  They  are  used. 
in  conjunftion  wilh  creoaoted  wood  i>arge8  of  almut  the  Bame 
capacity,  but  rOHtins  half  an  much  ond  with  en  estimated  life 
of  l^n  yearn.  It  will  Iw  well  to  (^mparH  these  estimates  of  life 
VFilh'thow  of  Mr.  TTagelHHHk,  (tRHrrilKHl  latter 

The  Hleel  liarseii  am  120  Xt.  Uinir,  3(1  ft  Itcam,  7  ft.  4  in.  deep 
at  center  of  hold  and  7  ft.  at  aides.  They  are  of  steel  through- 
out, flat  bottonwd,  with  ruunded  knuckles,  wall  sided,  Rymmetri<-al 
alM>ut  centi-r  line,  with  a  rake  IS  ft.  long,  a  sheer  12  in.  high 
at  each  end.  and  a  irown  of  beam  4  in.  There  are  four  tran-- 
verne  water -tight  bulkheads,  and  one  non-water- tight  longi- 
tudinal bulkhead  over  the  center  line,  and  two  longitudinal 
t  ruH>>es. 

TTntreated  Wood,  Treated  Wood  and  Steel  Compared.  Mr.  A.  C. 
ITageliocek,  ['nited  StHleH  InKjH^tor  at  Itork  Inland,  111,  In  a 
paper  pre>ienled  to  the  American  Wood  PteHerverx'  Aatociation, 
and  repiinli'd  in  Etigi»ecritig  and  Conlmrtivg,  April  21,  1312, 
gives  the  comparative  coHts  of  barges  of  treat4>d  and  untreated 
timlicr  and  of  slrel  lie  stati'n  lhnt  the  life  of  unln-ali'd  yellow 
pine  liargea  is  rliflieutt  to  drtermine  due  (o  lack  of  aectinite  records, 
but  that  a  barge  eonlaining  a  minimum  proportion  of  snppy 
timber  ia  past  efonomical  repairs  at  Ihe  end  of  ten  years.  Pres- 
sure-treoted  yellow  piuo  liargen  have  been  used  for  twelve  years 
and  are  good  today  for  an  aitditional  life  of  ten  years.  It  is 
necessary  to  recalk  the  barges  after  two  years'  service.  The 
ori;;inal  cost  of  untn<ated  barges,  120x30x6  ft.  built  in  the 
early  nineties  was  alwut  S3,000,  and  the  cost  during  ten  years 
averaged  $2,OOfi.0I  per  harge.  The  original  coat  of  presaure- 
trt-atMl  yellow  pine  Imri.'eM  nf  the  same  si^e  was  $4,000,  and  the 
cfwt  nf  repairs  averneed  S557.W. 

The  table  on  pajje  60  compares  the  two  kinds  of  barges. 

RepairH  to  untreated  fir  iMtges  are  mainly  due  to  decay  and 
not  to  ■braitiona.  The  lile  of  liarges  of  this  wood  used  on  the 
upper  MissisHippl  baa  been  from  ten  to  seventeen  years,  averag- 
ing fifteen.    Tbe  cost  of  repairs  is  slight  up  to  the  sixth  or 
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Comparative  Annual  Cost  of  Tbcated  and  Udtreaied 
Yellow  Pike  Babges 
120  Ft.  x30  Ft.s6  Ft. 

rnlrcWed     Treated 

BsrieB,  10  Barni. » 

V«nOld  iBuiOld 

OHglDB]   ccwt    t3,093.3»       fl.OO-OO 

Cost  o(  reiwire  :    2,0W.ai  5B7.3B 

TdIbI  coat  Killtt.W       M.K7-35 

Value  of  bBrgre  todaf  |S.tDe.W 

Cost  nfbarEes  diiriDK  total  pecioda |5,1«0.DI)  S5T.3S 

Annual  coat  per  bnrge EIO.OO  lOCN 

Annnal  aaTing  In  faToi  of  creoaolcd  tMTgK 404.00 

seventh  year,  at  which  period  $200  to  $300  is  spent  for  extensiw 
rcpaire.  After  that  time  repairs  average  $76  per  year  until  tbt 
tenth  or  twelfth  year,  when  extensive  repairs  are  again  requiTpd 
and  the  barges  have  to  be  talcen  from  rock  work  and  plaeed  ii\ 
the  hrush  carrying  service.  Tlie  life  of  treated  fir  barges  is  esti- 
mated at  twenty  years  with  slight  repairs. 

The  follqwing  talilc  Is  bawd  on  government  freight  rates  on 
timber,  and  for  commercial  comparison,  $10  per  b^rge  should  I* 
added   to  the  yearly  coat. 

Comparative  Cost  of  Lioeit  Dhaft  Barges  Buu.t  of  Vabiois 

Klxds  of  Material 

100  Ft.  J£  20  Ft.  X  4  Ft.  7  in. 

Douglas  Fir         Yellow  Pino        Steel 
Unlr'il     Tr'd      UnlCd     Tr'd 


15  y»ar  20  rear  15  rear 
lite        fite        tit» 


ZZyeac  2S  yew 

fife  life 

Original  coat  tl.sno     11,600      %l,3m     (1,650  fl.nAO 

Total  repaira  1,001          40O       1,004          TOO  400 

loIarOBt  at  5%  on  co>t  ....       MO       1,500          87S       I.MS  5,000 

Intereit  at  5%  on  rouain  .       S4I          12fi          141          1»  IX 

Total  Boat  (3,535     (3,525      (3,710     (4,290  (9,525 

Annual  eoat  per  barge  ....      (230        (ITT        (»T        (Iffi        (3S1 
Annaal  aailnc  in  liivor  of 

creoBOUd  flr  barae  69         ....  TO  IB  104 

Further  data  on  the  cost  of  barges  are  given  by  Mr.  John  L. 
Taylor  in  Engineering  'Sewg,  September  26,  1!)12,  in  which  he  tak'f 
exception  to  the  price  of  steel  bargen  given  by  Mr.  Hageboeti 
al)ove.  lie  stales  that  the  following  is  an  ab-*tract  of  proposal' 
for  furnishing  two  gravel  barges  for'  Dam  No,  28,  Ohio  River. 
opened   on   November   23,    1011: 


BARGES  AND  SCOWS 
Barges  100  Ft.  a  S2  Ft.  x  5  Ft. 

Bidder  Bate 


XT  barge  Amount               Material 

(3,680  n.31(l  Untruted  wood 

2,9»l  S,90l>  Dutreated  wood 

1.»60  8,700                    Rteel 

3,870  7,740  Untreated  wood 


Tile  above  shows  a  ratio  between  tbe  cost  of  a  steel  barge  and 
a  wooden  barge  of  1.47  to  1  in  comparing  the  lowest  price  for 
a  wooden  barge,  and  1.27  to  1  in  comparing  tlie  average  price 
of  wooden  barges. 

Bids  opened  on  January  24,  1012,  for  two  dump  scows  for  tbe 
same   work   were  as  follows: 

Barges  80  Ft.  x  21   Ft.  x  0  Ft.  4  ins. 
Bidder                                           Rote 

No.                                          per  barge       Amount  Usterial 

1     t«,4»            I1Z,B80  Untreated  wood 

2     «,B65  13,130  Untreated  wood 

3     .- 5,895  11,790  Diitreiil*d  wood 

4  ,.., 6,700  13.400  Sleel 

The  aliove  shows  a  ratio  between  the  price  of  steel  and  lowest 
price  of  wood  barges  to  be  1  14  to  1  and  between  the  price  of 
Hteel  and  average  price  of  wood  barges  to  be  \M  to  1. 

nids  opened  October  7,  1010,  at  St,  Louis,  Mo.,  resulted  as 
fallows: 

Flat  Barges,  55  Ft.  x   18  Ft.  x  3  Ft. 

Bid  No.  1.  Lowest  bid  For  Bteel  Hut  boUe  tl,T2e  e>ch 

Bid  No,  2.  loweat  bid  for  wooden  flat  Iwsls 1.223  eacb 

Tba  cost  rotio  ii  1.41  to  1, 

Klsoellaneoiii  Boats.  Mr.  C.  W.  Dunham  in  Profr»*ional  Mem- 
oirs, reprinted  in  Engineering  and  Coalracling,  gives  the  follow- 
inj;  information  fn  regard  to  quarter  boats  of  pine  or  lir: 

Quarter  Boati.  The  qunrlcr  boats  uFwd  in  this  improvement, 
in  which  category  may  be  included  oITicc-boats  and  inspection  ' 
lioats,  have  been  very  numerous  and  always  long  lived,  because 
it  has  been  advisable  to  rebuild  hulls  or  provide  new  ones  on 
account  of  the  cabins,  which  do  not  decay  or  wear  out.  The 
dimensions  and  design  of  these  boats  have  varied  —  in  fact,  it  is 
believed  that  there  are  hardly   any  two  alilte. 

Building  Ixiats  have  not  been  standardized,  although  those 
recently  built  are  quite  similar.  Many  of  these  boats  were 
adapted  from  ordinary  barges.  They  are  used  in  building  dam", 
lieing  suspended  along  the  line  of  the  dam;  the  brush  and  rotli 
Inrfces  are  bandied,  ^yith  their  power. 


HANDBOOK  OF  COKSTRUCIION  EQUIPMENT 

ii  "  =  =  '=■=  =  =  =  «  ^  - »"' " 

l||i  1 1 1 1 1 1  111  II I II I 

|l|  I S I !  !  I S I  n  !  S  !  *  I 
"  °°1 1  I  -S  s  f  !  I  !  *  *  *  »  '  » 

I       llll^llllliJJiil 

t    IIIJ  s  !■  ?  5  e  s.  i.  s  a  9  im 
III  I  i  s  s  i  8  i  i  I  §  s  I  !  i 


i  AND  SCOWS 


IE  =  =  = 

iiji  1 1 1 

',  f  s 

l!l 
III    i 

Liii 

ill  b 


II 


I!  =  *  = 

ij  I  i  i  i 

Hiii 

J  lily 

II  til 

li  Mil 

i  1 1  i 

|-.a  s  5   I 
111  11   I 


I 


IS  s  s 


HANDBOOK  OF  CONSTRUCTION  EQI'IPMENT 


Net  prices  for  solid  titeel  crowbara,  lining  bars,  claw  bare,  and 
railroad  tamping  bare,  are  about  as  follows   (1920); 


BELTINQ  FOB  FOWEB  FUBPOSES 

TUt  Leather.     Price  per  one  inch  width   per  running  foot   i 

I'ents.     Single,  23  cents,  double  47  cents.     Weight  16  oz.  to   1   si 
ft.  in  single  ply, 
KOTUld  Leather.     Solid,  price  per  running  ft.   in  cents: 

16  in.  dUmBter  8.B  ct. 

M«.in.  dUmeWr  B 


Cut  lacings,  bundles,  price  per  %-iD.  width  per  100  ft.,  $1.90. 
Bubber.     Price  per  1  in.  width  per  running  foot: 


Stitched  Canrai.    Price  per  1   inch  width  per  running  foot: 


DetaohB.bIe  Link  Belts,  Relow  is  a  table  of  various  sizes  of 
detachable  link  belt  with  prices,  etc.  Figure  the  working  strain 
at    one- ten  I  h    the    ultimate    strength    for    speeds    of    from    2O0 
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to  400  feet  per  minute.  For  loner  Bpfede  increase  this  by  two- 
thirds.  When  »  nnmber  of  attac^hment  links  for  fastening  on 
buckets,  etc.,  are  used,  add  about  15%  to  cost  of  chain. 

Cost   akd   Sivength   of   Link   Belt  Detachable   CH&iHa 


3.300 
S,200 
£.W0 


c.  Google 
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Hand  bar  bendl&K  maahine  capable  of  bending  any  size  of  bar 
from  Vi  to  1^  Id.  round,  square  or  deformed  to  any  angle  de 
sired,  weigbs  about  400  lb.  for  shipment  and  coats  $100  f.  o.  b. 
Minnesota. 

Stlrmp  and  Column  Stay  Benderl.  A  small  bender  designed 
so  tliat  a  45  degree  turn  of  tbe  lever  will  give  a  90  degree  bend 
to  the  har  costs  $8.00.  A  larger,  capable  of  bending  round  bare 
up  to  %  in,,  costs  £12.  These  benders  may  be  mounted  on  a 
l)ench. 

Bar  arimpen  designed  for  uae  on  reinforced  concrete  construc- 
tion to  do  miscellaneous  bending  worli  on  the  job,  such  aa  bending 
Blab  bars  around  elevator  openings,  stairways  and  beam  bare 
that  do  not  fit  as  calculated,  etc.,  cost  from  $6  to  $S.  They  ar« 
mode  in  the  following  sizes  %,  %,  1,  1^  and  1'/,  inches  and  will 
bend   bars  their  equal  in   size  or  smaller. 

Another  make  of  bar  bender  costs  aa  follows  f.  o.  b.  Illinoia. 


Ueiirbt 


in'S>. 


Fig.  20.     Bar  Bender. 

This  machine  will  bend  round,  square,  and  twisted  bars  cold 
up  to  1V4  in.  smd  hot  up  to  2  in.  The  2-in.  die  will  bend 
flats  ^  by  2  cold,  and  1  l^  2  hot;  the  3-in.  die  will  bend  flats 
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^  by  3  inclies  cold  and  1  by  3  hot;  the  5-in.  die  will  bend  flats 
^  by  4  cold  ftnd  1  by  5  hot.  Speci«l  dies  for  thie  machine  may 
be   had. 

An  angle  bender  fitted  with  special  dies  for  making  stirrups 
and  bsDgers  for  beamB,  aochorB  for  CMicrete  work,  et«.,  weiglis 
about  I3S  lb.  and  is  priced  at  932.60.  Special  dies  of  various 
Mixes  may  be  had  for  this  machine  at  from  $2.50  to  $5. 


Fig.  27.    Angle  Bender. 

A  bar  bending,  machiae  particularly  designed  for  bending 
stirrups  is  illDstrat«d  in  Fig.  28.  The  Turner  Construction  Com- 
pany states  that  a  metallic  lather,  in  eight  hours,  would  boid 
from  300  to. 500  stirrups  per  day,  while  with  this  bender  they 
found  it  easily  possible  to  bend  from  1,200  to  2,000  stirrups  per 
day.     The  price  of  the  machine  is  about  $90,  f.  o.  b.  New  York. 

Track  Xovnted,  Power  Operated  Bender  for  EelnforoliiK  Sods. 
A  bar  bending  machine  equipped  either  with  gasoline  engine  or 
electric  motor,  aikd  mounted  on  wheels  for  transportation  by 
team  is  illustrated  by  Sgure  29.  This  machine  is  designed  to 
bend  any  size  or  shape  of  reinforcing  rod  that  is  likely  to 
be  used  in  building  operations.  It  will  bend  rods  up  to  1^  in. 
diameter,  round,  square,  or  deformed,  and  is  also  provided  with 
an  attachment  at  the  rear  by  means  of  which  spirals  or  rings  of 
any  diameter  from  10  in.  up  may  be  formed.  It  is,  for  example, 
used  frequently  for  turning  rings  for  column  bead  reinforcement 
used  in  the  Turner  Mushroom  system  of  reinforcing. 
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The  operation  is  simple,  the  action  of  the  bending  membeil 
being  controlled  bj  a  lever  at  the  rear  of  the  machine.  | 

The  machine  is  titted  nith  gages,  scaled  in  feet  and  iiicbet. 
HO  that  no  marking  of  tbe  rods  is  necessary,  and  eo  that  height 
of  truss  and  angle  of  bend  can  be  set.  Wagon  trucks  and  steel 
wheels  are  provided  so  that  the  machine  may  be  readily  moved 
from  place  to  place.  Each  rear  wheel  is  provided  with  a  square 
steel  shaft  which  flts  a  hollow  square  axle  so  that  it  can  be  read- 


Fig.  28. 

ily  removed,  should  it  be  desired  to  have  greater  freedom  of  move- 
ment about  the  machine  by   having  the  wheels  out  of  the  \ 
The  front  truck  can  l>e  turned  under  tbe  machine. 

The   total   cost   of   operating   this   machine   per  ten   hour    dav 

is  given  as  follows: 

LHlHir  (3  liHB,  one  at  SO,  two  at  IS  at.  p«T  hr.)  .,..  tS.00 


Total    W.7S 

One  man  is  required  to  direct  the  work  and  operate  the  machine, 
and  two  vnen  to  handle  the  steel.  The  manufacturer's  statement 
as  to  performance  is  one  ton  per  hour,  average  output,  at  a 
cost  of  $1.00  per  ton,  but  this  output  has  frequently  been  ex- 
ceeded at  a  correspondingly  lower  cost.  The  beet  achievement 
has  been  3!)  tons  in  9  hours  at  a  cost  of  22  eta.  per  ton. 

ThiH   machine   e<| nipped   with    a    gasoline   engine,   mounted    on 
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trucks    complete,   weigba   approximately    2,700   lb,    for   shipment 
and  coBta  $000  f.  o.  b.  Minnesota. 

Home  Made  Bench  for  Bending  Belnforcing:  Ban.    Mr.  E.  0. 
ICeator  in  Engineering  and  Contracting,  June  14,   lull,  describes 


Fig.  29.     Truck  Mounted  Power  Operated  Reinforcing  Bar  Bender. 


a  home  made  beneb  for  bending  re 
hy  Fig.  30.  The  bench  proper  i) 
on  top  and  cost  about  $5  for  lab 
lumber.     The   bending  device 


forcing  bars.     It  is  Illustrated 

30  in.   high   and  5  ft.   ^uar« 

'  to  make,  using  second  hand 

of  two  stationary  sheaves 


I-ig    30      Home  Made  Bench  for  Bending  Reioforcing  Bars, 

and  a  movable  sheave  D  mounted  on  a  sliding  Btrip  operated  by 
a  screw  C  The  l>ar  is  inserted  between  the  sheaves  as  shown  and 
a  man  operates  the  screw  C,  thus  moving  the  sheave  D  to  pro- 
(liH'e  the  bend.    The  principle  of  operation  an  will  be  seen  is  that 
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of  the  familiar  roller  rail  bender. 
catee  the  travel   required  to   produce  c 


ale  o 


the  slide  E  indi- 
ng  bendB.     Tb( 


bench  as  illustrated  was  UKed  to  bend  the  xteel  for  h 
atandpipe.  It  cost  SI  per  ton  to  bend  ^-in.  Bteel  for  s 
shaped  sewer.  The  eheaves  used  were  taken  from  6- in.  doublp 
blocks  used  on  the  job  and  thef  were  pivoted  on  ^  x  10-in.  bolts. 
The  stationary  aheaveg  were  spaced  from  10  to  18  in.  apart; 
the  heavier  bare,  K-in.  requiring  an  18-in.  spacing. 

BeTlee  on  Bender  to  Keep  Bars  (rora  Twisting.    The  following 
is  taken  from  Engineering  Record,  Jan.  29,  1910.     A  number  of 


Pipe  "  Tunnel  "  Prevents  Twisting. 


luirs  bent  to  a.  three-quarter  circle  were  required  in  building 
the  pier  walk  at  the  Halifax  ocean  terminal.  The  bars  we) 
light  and  would  twist  up  in  going  through  the  rolls,  and  i 
acquire  curves  in  several  different  planes.  To  overcome  this  and 
hold  the  bars  flat  on  the  table  a  pipe  "  tunnel "  for  tiie  bent  end 
of  the  bar  to  feed  through  was  made  of  a  piece  of  1%-in.  j' 
This  waa  bent  to  a  quarter  circle  and  clamped  down  to 
bending  table  on  the  circumference  of  a  circle  passing  through 
the  rolls.     Fig.  31  illustrates  this  device. 

Pipe    Bending    Haohines.     The   following  gives   various    siECS 
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of   pipe  bending  machiaes  together  with  the  shipping  we 
and  pricea. .  The  hand  power  machine  is  illustrated  by  Fig.  3 

Pipe  Bendinq  Machines 
(Without  power) 


A  hand  power  machine  of  this  type  in  stated  to  make  a  60 
deg.  cold  bend  in  a  fl-in.  iron  pipe  in  lees  than  10  minutea  at  a 
labor  cost  of  about  $1,50.  The  bender  consists  of  a  circular 
head,  which  U  supported  by  an  upright  and  from  ^hich  arms 
extend  to  carry  the  bending  Hhoe  and  a  toggle  jdinted  lever. 
In  operation  the  pipe  is  placed  behind  the  head  and  the  bending 
shoe  and  the  pressure  applied  by  moving  the  lever.  In  making  a 
S-in.  bend,  six  laborers  handled  the  lever. 
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PoRTABLic  Bins 

Approximate  ahipping 


Gravel  screens  tor  the  above  15  and  20  ton  sizes,  30-iii.  dia. 
by  0  ft.  long,  weigh  aboiit  1,000  lb.  for  shipment  and  coat  $200 
f.  o.  b.  manufacturers'  works.  Screens  for  the  30  and  40  ton 
sizes,  30-in.  dia.  by  12  ft.  long,  weigh  about  1,300  lb.  for  shipment 
end  cost  $270  f.  o.  b.  manufacturers'  works. 


0  Ton  Portable  Bin.     Screen  in  Position  for  Operation, 


BISS  7fl 

Portable.  Bins  tor  ConCTcte  AffK^Bpttes.  A  portable  storage 
aystem  for  handling  cement,  sand,  gravel  and  crushed  stone  ie 
illustrated  Ijy  Fig.  34  and  consiata  'of  a  number  of  binu  into  wfakli 
the  materials  are  deposited  by  a  bucket  elevator.  These  binu 
are  built  so  that  no  dang^  of  damage  from  rain  exists.  The 
capacity  of  the  bins  is  one  carload  or  more,  and  the  aggregates 
are  fed  by  gravity  to  the  mixer  below.  For  batch  mixing, 
measuring  devices  can  be  ^tted  to  the  chutes  or  the  materials  c*n 
be  directly  spouted  into  the  hopper.  For'  continuous  mixing, 
automatic  feeding  devices  can  be  attached  to  spouta,  regulated 
to    deliver    varying    amounts    from    tlie    different    bins    at    the 


Fig.    34.     Portable   Bin   for   Concrete   Aggregates. 

By  this  arrangement  maximum  capacity  can  be  reached,  as  the 
unloading  from  cars  can  be  aecompliabed  at  the  most  convenient 
time  and  a  Urge  supply  of  material  is  constantly  on  hand  and 
available  by  operating  a.  lever.  After  finishing  one  job  the  equip- 
ment can  be  taken  down,  shipped  to  another  point  and  quickly 
reassembled.  The  mtchinery  can  be  operated  by  motor,  gas  or 
steam  engine  or  any  other  available  power.  Theae  storage  sys- 
tems can  be  built  all  steel  or  all  wood,  or  a  combination  of  steel 
and  wood. 
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Toole  neceBear;  for  i 
general  repair  work  aw 


Til.  ISO  lb 1 13  0O 


e  cEImS,  " liT^s  ib.' 

*  Cbia«lB.  bat,  _S  lb.  i 


1  Drill,  mml,  hsnd  power  up  to  1%  in 

12  8lrBi'ght  >hBiik'tw'iB'l*dViiti.'isBcir(ed'iites't< 


r  dm.  UF  to  12  in.  . 


with  band  goared  blow* 


SlidRc,  irme  pin.  5  Oi.  .. 

S\ocTc  and' eight  di'ea'for' 
Swags',  bottcHD,  1  lb.  eact 
flwagps,  top,  1  lb.  each  . 
Tape  and  dies,  set,  5  aiiea 
Tongs,  assoHPd    


■,r«l;.CcX)^lu 


BLAsmra  machines  and  sufflies 

Blaating  by  electricity  la  the  moat  effective  and  economical 
system.    It  HurpaB8«H  all  otIieTS  In  safety,  certainty  and  in  re- 
sults.    By  this  system  it  is  possible  to  fire  two  or  more  charges 
simultaueoosly. 
The  equiiment  necessary  for  electric  blasting  is  as  follows: 
Electric  blasting  caps. 
Connecting  wire  * 

Leading  wire 
Blasting  machine. 

Blastiho  MAcniNES 

The  following  is  the  cost  of  blasting  machines  operated  by 

pushing  down.    The  pocket  size  is  operated  by  turning  a  handle. 

ffiieot  HBtimum                                                          WPiebt 

machine  capacily            Used  tor  in  lb.  Price 

Foeket  3  Btumpini  uid  boulder  *%  til-W 

Z  10  Uta^.l   b.iu.i IS  17.B0 

3  OT  GfDPrnl  work  2S  2^<n       - 

4  to  LnrEP  blasU   42  *».<V 

G  100  L«rge  WmIb S3  innOO 

6  ISO  LarseblMM 37  140.D0 


BLA8TINQ  STTFPLIES 

(See  also  Explosives) 
BUiBTEBS  TriAwiNQ  Kettles 

OapMltr  thippinc  weight  in  lb.  Prina 


31^871:^0   AUOEBS 

Anders  may  be  conTeaientlj  used  to  bore  boles  for  inserting 
drnunite  under  tree  etumps,  etc.    They  cost  as  follows: 
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Auger  hudlea  

Villiinit  handle*. 

Bi^STiso  Cam 
Number  6  caps  are  Ktrong  detoiMtors.     No.  g 


the  strength  of  No.  6. 


ly  double 
The   following  are  prices  per   1,000. 


Discounts  to  apply 
In  lots  of  l»! 


1000 


10%  f.  o,  b.  t»ctory  or  distributiuc  p«lnt 
15%  t.  o.  b.  fantory  or  diilrlbulins  point 
211%  nekrest  R,R.  gUtion  to  deatinaliDn 


The  following  i 

Lsngtbot 


Electmc  Blasting  Cap8 
e  the  prices  of  electric  blastiiig  caps  per  100, 

imberS 


12.75 


tll.H 

12JS 
13,E0 
J' 75 

la.oo 

IS.50 
Z1.0I> 

)  the  above. 


The  same  discounts  apply  to  thene  aB  t 
Longer  lengths  (made  to  order)  $1.50  for  each  additional  2  ft. 
Waterproof  electric  caps  cost  about  30%  more  than  the  above. 
Electric  caps  are   packed   as   follows: 

Lengtb  in  ft.  QuautltT  per  cue  Gross  lb. 


Blasting  Fuse 
Fuse  may  be  divided  into  tour  elaaaeR  according  to  the  class 
of  work  it  is  intended  for.     Tliere  are  many  kinds  for  each  claaa. 
the   following  being  of  the  plain  finished  varietieg. 
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Priu 

Kind  of  fuse  Bnd  use                                                           pBrlDOOft. 
Cotlnn.  for  use  in  dry  work  oaly,  very  ptlshle  t  BBS 

Dandle  Tspe,  tor  use  in  wet  worlr  ,'.l'.'."'.''.".'.'.'.\\'.\'.'.''..'.\    IsilS 
Triple  Tip«.  for  use  in  very  wel  work  where  exposrd  to 

r«Dgh  treMment  IB.OO 

Discounts  to  apply  to  the  above  are  as  follows : 

In  loU  of  leH  Ikan  lOOO  ft.           10%  (.  a.  b.  CannecHcal 

In  hits  la  6000  ft.  iS%  I.  o.  h.  Connecticut 

Id  lota  to  30000  It.  £0%  I,  o.b.  Connecticut 

In  IdIb  of  leu  than  1000  ft.            TH%   t.  o.  b.  distributing  point 

In  lots  to  fiOOO  ft.  I3M%   f.o.  b.  distribntiuK  paint 

In  lots  to  30000  ft  lVA7e  t.  o.  b.  diatributlng  point 

Approximate  weights  of  packages  of  1,000  ft.  in  50-ft.  lengths 
are  13  Ih.  for  cotton  and  23  lb.  for  the  others. 

Fuse  should  be  stored  in  a  cool,  dry  place  and  in  handling  care 
should  be  taken  not  to  kink  it.    -, 

Blasting  Wire 

Connecting  rire.    No.    20  B    A    S   f«e^  snd   So.   21   on   lib.   >nd   2-lb. 

"ui^inf  wire.    Mo.  14  B  A  S  bath  tingle  and  duplex  in  200,  250.  3O0  and 
5W  It.  coila. 

l«adinj  wira  reels  UW 

The  prire  of  wire  varies  with  the  locality  and  the  market,  but  ifl 
about    aa    follows : 

ConnectiDB  wire  No.  30  »0.5»  per  lb. 

Connecting  wire  No.  M .61  per  lb. 

Leiding  wtre,  iiing:le  No.  »   .W  per  lb. 

Leading  wire,  duplei  No.  H  .81  per  lb. 

Blasti>io  Mats 
Mr.  H.  p.  Gillette,  in  "Rock  Excavation,"  saya: 
"  TTk  of  a  BlaitliiK  Hat.  For  preventing  accidents  due  to  flying 
rotka,  sll  blasts  in  cities  should  be  covered  either  with  timbers 
or  with  a  blasting  mat.  This  shonid  be  done  to  avoid  suits  far 
■iHinagee.  regardless  ot  city  ordinances.  A  blasting  mat  ia  readily 
made  by  weaving  together  old  hemp  ropes,  1%  in,  diameter  or 
larger.  To  make  such  a  mat,  suppoit  two  lengths  of  l-in.  yiB 
pipe  parallel  with  one  another  and  as  many  feet  apart  as  the 
width  of  the  mat  ia  to  tie.  Fasten  one  end  of  the  rope  to  one 
end  of  the  pipe;  carry  the  rope  across  and  loop  it  over  the  other 
pipe;  bring  it  back  around  the  lirst  pipe;  and  so  on  until  a  eulH- 
cient  number  of  close  parallel  strands  of  the  rope  have  been 
li>id  to  make  a  mat  as  long  as  desired.  Starting  with  another 
rope,  weave  it  over  and  under,  like  the  strands  in  a  caQe-Beatfd 
ehiir,  until  a  mat  of  CTiss-croas  ropes  is  made.    Suih  a  mat. 
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weighted  down  with  a  few  heavy  timbers,  will  effectually  pre- 
vent .small  fragments  from  flying  at  the  time  of  blasting.  Tha 
mat  and  its  ballast  may  be  hurled  into  the  air  several  feet,  upon 
blasting;  but  it  will  serve  its  purpose  by  stopping  the  small 
pieces  of  ro<-k  which  are  so  daDgerouH  even  where  light  blasts 
are  fired.     The  mat  should  be  laid  directly  upon  the  rock.     Such  a 


Fig.  35.    Blasting  Mat. 

mat  will  save  a  great  deal  of  labor  involved  in  laying  a  grillage 
of  timbers  over  a  trench  It  will  also  make  it  unnecessary  for  . 
the  blaatern  to  stand  far  from  the  blast  when   firing."  | 

Manufactured  mats  cost,  for  1  in.  dia.  rope.  $1.60  per  sq.  ft.  f.  o. 
b.  New  York.  These  are  furnished  with  a  loop  on  each  corner 
and  binding  on  the  sides.    See  Fig.  35. 
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SECTION  IP 
.    BLOCKS 

Wroi^ht  Iron  Gin  Blookt  for  wire  rope  with  stiff  swivel 
hooks  and  het^cets  may  be  had  in  iliametprn  of  from  10  to  19  In. 
The  single  blocks  cost  from  $12  to  $24,  the  double  from  |10  to 
$33.  and  the  triple  from  430  to  $55. 

WrovBlit  fnm  bloeki  for  wire  rope,  heavy  pattern,  are  made 
from  8  to  IS-in.  eheave  diameters.  The  iron  bunhed  type  Bin^le, 
cost  from  $10  to  $30.  double  from  $13  to  t.^>0,  and  Irinle  from  $22 
to  $65.     The  self-lubricating  bronze  bushed  blocks  cost  about  12% 

Steel  derriek  and  holttlug:  Moeka  for  wire  rope  are  made  in 
si?eB  from  6  to  14'in.,  for  diameter  of  from  '^  to  1  in.  They 
are  Helf-lubrirating'wilh  bronse  buabings.  The  aingle  cost  from 
$0  to  $10,  the  double  from  $8  to  $25,  and  the  triple  from  $12  to 
$40. 

Wroaght  Iron  snatab  blookt  for  wire  rope  in  diameters  of 
from  a  to  20  in.  cost  from  $12  to  $80  for  tfae  iron  bushed.  They 
will  take  rope  from  %  to  I  '^-in.  in  diameter. 

Standard  wood  shell  Iron  itrapped  hlooki  with  sbeaveB  in 
diamet«ra  of  from  1%-in  to  ll-in.  with  common  bushed  Hlieaves, 
for  rope  of  from  %  to  IVi-in.,  single  lilock  cost  from  $0.00  to  $13, 
double  block  from  $1.50  to  $10,  and  triple  from  $2.25  to  $25. 

Metal  blocks  for  manila  rope  from  1%-in.  dia.  sheaves  to 
8>4in.  dia.  sheaves  cost,  for  single  from  $0.80  to  $12,  double 
blocks  from  $0.00  to  $18,  and  triple  from  $2.25  to  $25. 

The  above  blocks  are  some  of  the  more  commonly  M^ed  and 
the  prices  are  approximate  and  to  l>e  used  for  estimating. 

There  are  a  great  many  dilTerent  types  ajid  sizes  of  blocks  of 
which  the  above  is  a  fairly  representative  list,  but,  owing  to 
limited  space,  by  no  means  complete. 
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SECTION  12 

BLITE  PRINT  UACHDTES 

Continuous  blue  print  maclitne  of  the  horizontal  type  is   i 
lustrated   by   Fig.   3G.     It   takes   continuous   rolla   or    cut   sfaeetf 
from  2  to  48  in.  wide.    The  tracings  may  be  delivered  at  will 
to  the  storage   compartment  or   to  the   opcmtor   for   reprjnljng. 


Fig.   3(i.     Horizontal  Blue   Print  Machine. 

This  machine  weighs  about  450  lb.  for  shipment  and  may  be  hail 
to  operate  on  any  current  condition.  Tlie  price  for  the  standard 
speed  is  $285  and  tor  the  high  speed  $3.-)0  f,  o  b.  factory. 

Blue  print  frames,  with  pad  and  polished  plate  glass,  cost  as 
follows : 

^•"^  ,;.CcX)glu 


BLUE  PRINT  MACHINES 


Print  Frame  on  Wheel  Carriage 


Folding  Rack  for  Blueprints. 
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tOxSt  24x30  Mi4S  38i4«  38iG0    *ttSO    42x7! 

With  oak  frRme    tK  f35  (Kg  tTB  t»       niO        (133 

With  lurdwoad  frame  M  M  M  71         86         

Wilh  wheeled  carrUn   71  lOS  1S4  151         ISB         SM 

With  tilting  c*Tti»ge  oa  rails  lor 

Irindov    ..  IM  IGO       17U         

Same    m    abore   witb    rerolrlnc 

carriage 161  193  211 

Mr.  R.  M.  Jonea  in  the  American  Maekinitt,  Nov.  S,  1917,  de- 
scribeB  a  folding  rack  for  blueprints  as  followa : 

In  ahops  making  a  etandard  line  of  work,  blueprints  do  not 
need  to  be  taken  to  the  machine,  but  mvnt  be  readily  accessible 
for  reference.  A  convenient  msthod  of  keeping  them  is  in  a 
folio,  bound  at  the  top  and  hung  on.  the  wall  out  of  the  way, 
offering  little  spsce  for  dust  and  dirt  to  collect.  However,  as 
it  is  handier  to  have  the  prints  in  a  horizontal  position  when  in 
use,   the  stand   illustrated  was' made. 

It  consists  of  two  braces  hinged  to  two  pieces  fastened  to  the 
WB.11.  A  tie-bar  is  loosely  bolted  to  the  braeea  far  enough  from 
the  wall  to  provide  necessary  room  to  allow  prints  to  be  folded 
back  on  the  braces.  The  top  of  the  folio,  which  haa  a  stiff  board 
back,  is  hinged  to  the  tie-luir. 

To  extend  the  folio  board,  it  ia  lifted  to  a  horizontal  position 
and  moved  to  the  right  until  the  supporting  braces  come  under- 
neath it.  To  close,  the  folio  is  moved  to  the  left  until  the 
braces  come  under  the  tie-bar;  then  it  is  allowed  to  fall.  This 
makes  a  simple,  inexpensive  stand  easily  put  io  position  (it  may 
tie  worked  with  one  hand)  ;  and  when  not  in  use,  it  ia  out  of 
the  way  against  the  wall. 
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SECTION  13 


Upright  tnbulu  boUen  with  full  length  tubes  for  100  lb.  at«sm 
pr«SBiire',~lttbNl  with  injector  and  10  ft.  of  smoke  Btack  cast  aa 
follows: 

Welgbt  Price 

H.P.  inTb.  r.  o.  b.  New  York 

4  ia»  t  331 


Standard  portable  bollen  for  100  lb.  preseure,  complete  with 
fittings,  injector,  10  ft.  of  auction  bone,  neck  yoke,  evener  and 
whifSetreee,  cost  as  follows: 


Return  tubular  portable  boilen  un  skids  complete  with  dry 
pipe  imder  steam  outlet,  ashpit  front  with  doors  and  bolts  ^nd 
injector,   100  lb.  prasstireyicost  aa  follows: 
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The  outside  of  the  boiler  should  be  kept  dry  at  all  times  and 
the  inside  of  it  should  be  as  nearly  free  from  scale  and  rust  as 
possible.  Different  kind's  of  water  will  have  different  effects 
upon  the  life  of  the  boiler,  and  the  results  to  be  obtained  from  it. 
In  a  limestone  country  the  boilers  will  scale  rapidly.  This  scale 
is  a  poor  conductor  of  heat  and  as  soon  as  it  reaches  s, 
donsiderable  thickness  will  cause  a  marked  decrease  in  a  boiler'a 
steaming  efliciency.  In  alluvial  country,  whet'e  the  water  contains 
much  vegtftabie  and  loamy  matter,  the  boilers  will  gather  au  ac- 


Fig.  3S.     Return  Tubular  Boiler  on  Skids. 

cumulation  of  heavy  mud  and  should  be  blown  at  least  once  each 

Mr,  JohB  VV.  Alvotd,  of  Chicago,  gives  a  table  showing  the 
history  of  thirty-two  horizostal  tubular  boilers  used  In  water 
pumping  stations  in  Illinois,  Iowa  and  Michigan.  The  active  life 
of  these  boilers  was  found  to  have  ranged  from  six  years  for 
two  boilers  at  Sterling,  111.,  where  artesian  water  was  used, 
twenty-three  years  for  two  boilers  in  Oskalooaa,  la.,  where  river 
water  was  used,  the  tatter  boilers  being  still  in  service, 
average  life  of  this  group  of  thirty-twu  boilers  was  flfteen  yean. 
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This  would  indicate  that  the  rate  of  depreciation  on  boilers  should 
be  20%  where  artesian  water  is  used,  10%  where  lake  water 
is  used  and  5%  where  soft  river  water  is  used. 

Eittmatlng  the  Horsepower  of  Contractors'  Boilers.  A  boiler 
ia  usually  estimated  to  give  one  horsepower  for  every  10  sq.  it. 
of  healing  surface.  Hence  tl>4  .horsepower  of  a  vertical  tubular 
boiler   is   found   thus; 

Rule:  Divide  the  total, heating  surface  of  the  tubes  and  fire  box 
(expresBed  in  square  feet)  by  ten,  and  the  quotient  is  the  horse- 
power. 

The  square  foot  heating  surface  of  a  tube  is  quickly  calculated 
by  multiplying  the  length  of  the  tube  in  feet  hy  0.28  and  then 
multiplying  by  the  outside  diameter  of  the  tube  in  inches.  Since 
tubes  are  ordinarily  2  in.,  the  total  heating  surface  of  the  tubes 
is  found  by  multiplying  the  number  of  tubes  by  their  length  in 
feet  by  0.52;  or,  for  all  practical  purpows,  take  halt  the  product 
of  the  number  of  tubes  by  the  length  of  tube  in  feet.  To  this 
heating  surface  of  the  tubes  must  be  added  the  heating  surface 
of  the  fire  box,  which  is  ascertained  thus;  Multiply  the  circum- 
ference of  the  tire  box  in  feet  by  its  height  above  the  grate  in 
feet  and  add  the  square  toot  area  of  the  lower  flue  sheet. 

The  diameter  of  the  Hre.  box  or  furnace  is  uaualiy  4  to  5  in. 
less  thtui  the  outside  diameter  of  the  boiler.  The  height  of  the 
fire  box  is  uBua,lly  2  to  2Vj  ft.  The  amount  of  coal  required  tor 
a  contractor's  boiler  is  about  6  lbs.  per  horsepower  per  hour,  or 
60  Iba.  per  horsepower  per  day  of  ten  hours.  Nearly  one  gallon 
of  water  will  be  required  for  each  pound  of  coal.  About  2^  lb. 
of  dry  wood  are  equal  to  1  lb.  coal,  or  2  cords  of  wood  equal 
1  ton  of  coal. 
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Irfngth 
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BBICE  RATTLER 

The  city  of  Baltimore  in  1009  installed  a  "rattler"  for  tCBting 
vitrified  blocks.  The  machine  ia  2S  in.  in  diameter,  20  in.  lonf^ 
within  heads.  The  barrel  is  a  regular  paragon  of  fourteen 
sides  and  contains  about  12,018  cubic  inches.  It  is  driven  by  a 
5  hp.  single  phase  electric  motor  making  1,710  revolutions  per 
minute.  The  speed  was  geared  down  at  the  "rattler"  end  of  | 
the  belt  to  produce  thirty  revolutions  per  minute.  The  cost  of 
the  outfit  and  the  expenditures  during  the  first  year   were: 

One  TllriBed  block  rattier  with  belt  tl^GO 

"--  '  '-    160,00 

U.OO 


Cast  alM 
Frai^t  i 

BnlMing 


Bnlldine  tonndatiini  Mid  remodtliiie  abed   58.31 

One  sel  acalts   B.TO 

New  east-iron  sbot lOJB 

One  new  puller   ,•  ^M 

Eleflrie   iDBUIIalion    ....lll['.'ll^'.'.]\''[]'.\[l'.'.i'.'.'.l^'.'.'.'.'.'.'.[  Sj'm 

Electric  companr's  eoDnectioiu  3.T3 

Electrir  current    5.6» 

t<»3.1g 
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SECTION  16 

BUCKETS 

ContractorB'  buckets  are  of  two  general  t^pes:  (1)  that  which, 
is  filled  bj  hand,  or  other  agenc;  outside  itself,  and  (2)  that 
which  fills  itself  by  digging  into  the  material  to  be  conveyed. 
The  first  type  of  bucket  as  used  by  contractors,  is  usually  a  dump 
bucket,  and  the  Ik>w1  is  clpiired  by  either  tilting  it,  or  allowing 
a  door  or  grate  in  tbe  bottom  to  open,  thereby  releasing  the  mate- 
rial. The  second  type  of  bucket  is  usually  either  clamshell  or 
orange  peel,  bnt  is  sometimes  made  in  special  shapes. 

The  following  table  gives  the  approximate  weights  of  materials 
comjnonly  handled   with  buckets: 

Weight 
HMerlBl  yd.,  lb. 

Dry   ««nd    2,7110 

Wet  wnd J.M* 

Loom  cBrth : 2.m 

Wet  cl»y  3,0I» 

Antbr»ile  eoal    1.800 

BitnmiDonB  coal  ■ l.KO 

Cnwhed  slona    3,1)00 

Iron    ore i.iOO 

Gr»nu1«led  ilsg   l.SOO 

GrsTrf 3.00O 


Fig.  40.    Bottom  Dump  Bucket. 
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Bottom  dnmplne  bucket*  einiilar  to  Fig.  40  cost  as  follon-s: 


Coal  tuba  similar  to  Fig.  41  cost  as  follows; 

Capacity  Weight 

Foaf.  lona  Cu.  ft.  Inlb. 


BUCKETS 
Contractors'  tnbg,  Fig.  42  cost  as  foUowa: 

C«p«cilr  Length  Width  Depth 

cu.  ft.  iochea  inchea  inches 


Cantraeton'  and  miners'  round  tubs.  Fig.  43  cost  a 

Cmpicity  Length  Width  Dapth 


Fig.  43.  Fig.\4. 

Bottom  dnmp  buckets,  similar  to  Fig.  44  cost  oa  follows: 

Capacily.  Tap  Bollom 

ydi.  width  width  Depth  Friee 

ti  31  !5  30  f »« 

1  <1  X2  31  120 

Hi  K  35  12  im 


Stmlght    Bide    sell-dumping,    aelf- righting    tip   backet,   which 
dumps  itself  under  load  when  the  catch  is  released  and  auto- 
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Center  dnmp  bucket  for  general  use  is  built  with  the  bottom 
of  tbe  bucket  larger  tban  the  top  80  that  no*diStcultf  is  met  in 
dumping  all  kiada  of  material  whether  wet  or  hardened.  The 
operating  lever  locks  and  unlocks  the  bucket  automaticaDf- 
This  bucket  is  reinforced  and  stated  to  be  practically  giout, 
tight. 

Csnscity  Nft  weiebt  Price 

ijD  en.  ft.  in  ponnds  f ■  o.  b.  r«ctoi7 


',75  Soa  390 

'.   Tow  Line  Bottom  Bnmp  Bucket.    This  bucket  ie  a  controllable 

disehargi^  butket  with  all  four  sides  tapering  outward  toward  tbe 
bottom,  making  it  larger  at  the  bottom  than  at  the  top.  H 
may  be  used  to  handle  concrete  of  any  consistency,  ftggregat««. 
earth  and  rock.  It  is  practically  grout  tight  and  ie  operated  bf 
two  linee,  and  may  be  had  with  a  double  operating  hook  whicb 
brings  the  holding  line  and  the  operating  line  together  in  a  unit 

iuen.'ft.  to  pounde  f,  o.  b.  factory 


45  BDd  54 

n  and  TS 
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Controllable  Foim  Bnoketi.  Theee  buckets  are  used  for  placing 
concrete  in  forma  where  a  narrow  controllable  bottom  discharge 
is  advantageous   (Fig.  46). 

Csparitrwet  Nel  weijjht  Price 

concrete,  en.  It,  in  pounds  f-  a.  b.  tscMr; 
12                                        525  tl«S 

14  aeo  ITS 


Fig.  43.    Controllable  Form  Hucket. 

Clau  Shell  Buckets 

0  operate  on 


The  above  prices  are  for  buckets  without  teeth.  If  teeth  are 
wanted  add  from  t35  to  $ttO. 

A  more  powerful  bucket  operating  on  two  hoisting  cables  coeta 
an   follows; 
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Catucitr  Appro>iin»l«  BhipiiiiiK  Price 

lacu.yd.  weigfaUn  lb.  f .  o.  b.  [actci? 

t  800 


3200  »TS 


1«. 


The   above   prices   are   (or    biickete   without  teeth.     Teeth   are 
from  $35  to  $00  extra. 

The.  above  buckets  arranged  to  be  operated  willi  a   four  part 

hoisting  cable. cost  $60  mote  for  each  size. 
A  bucket  of  another  make  costB  as  fallows: 

.     Capacity  Approximate  shipping  Price 


3  UBOa  2.550 

The  above  buckets  are  designed  to  he  uaed  with  a  five  part 
reeving  when  operated  with  a  counterweight,  and  three  part 
witliout  the  counterweight.  Price  includes  bucket,  complete,  witli 
teeth. 

Equalizer  bars  may  be  added  to  these  buckets  to  take  two  hold- 
ing lines.  TlieHC  bars  arc  mounteil  on  the  hold  line  pin  at  head  oF 
bucket  and  arranged  either  parallel  or  a.t  right  angles  to  hin^e 
pin.  These  bars  cost  from  $21  to  $40  for  the  18-in.  size,  $2Q  to 
$50  for  the  24-iD.  size  and  from  $30  to  $75  for  the  36-Jn.  size. 

Single  line,  automatic,  rlamshcll  buckets  when  operated  by 
derricks  may  he  used  for  handling  sand,  gravel,  coal,  etc.,  and 
excavating  in  loose  soil.  They  may  also  be  attached  to  portable 
cranes,  steam  shovel«,  and  other  single  drum  rigs  without  thf 
necessity  of  additional  drums.  They  may  also  be  used  on  cable 
ways  without  any  change  in  engines  or  lines.  They  cost  as 
follows  1 


!  and  extrft  hard. 


shlpplrlR 

weight  in 

(.  0,  b.  Uct 

t  682 

1510 

im 

.   am 

«80 

s 

a 

MOD 

l,Ttt 

Si 

2.m 
i.no 

»0M 

9.m 

Fig.  46.    Scraper  Clamshell  Bucket. 

Obange  Peel  Bi'cketb 
Staadard  oraace  peel  bnckett  are  adapted  to  all  clasdes  of 
dredging   and   excavating.    They   are   guod    all    around   digging 
bucketii,  and  are  sometimeB  used  for  handling  or«. 

Capuil)'  Approiimatr  Khipping  Pricr 


Kultl-power  orange  peel  bnoketa  are  used  for  digging  clay, 
compact  sand,  and  other  hard  material,  and  are  built  about  as  the 
extra  hesvj  standard,  but  differ  in  the  closing  mechanism,  which 
in  this  CBM!  han  tvrice  the  clotting  and  half  tlie  lifting  power. 

Capacity  Apprc 


tutT'"^ 

f  o  b'fttolo 

insoo 

:.;jli 
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Three-Bided  oraiiKe  peel  Imoketi  are  eBpecially  well  adapted  for 
tbe  huadling  df  boulders,  broken  rock,  aod  other  odd -shaped 
materiHlB  dil£cult  to  hold  unless  an  even  force  ie  exerted  on 
bearing  part.     This  is  possible  with  thin  tbree-bladed  bucket. 

An  excellent  tlluBtration  is  given  in  Fig.  47  of  what  a.  three- 
hladed  orange  peel  bucket  can  do.  The  points  of  thrce-bladed 
buckets  coming  in  contact  with  a  boulder,  or  pile  will  cither 
force  it  inside  the  bowl  or  will  grasp  the  object  aa  in  the 
illustration  in  such  a  manner  that  the  holding  force  will  be 
positive  and  the  strain  equally  divided. 

Cipacitj  Approximate  shippiDK  

in  cu.  f  d.  weighl  in  lb.  f.  o.  b.  fictorr 


roximate  shippinK 

Price 

weighl  in  lb. 

f.  0.  b.  («* 

thm 

BlOO 

ZSM 

Fig.  47.    Three  Bladed  Orange  Peel  Bucket.  '  | 

Hiniatnre  ExcaTatlng  Buckets.  The  following  notes  are  from 
Engineering  Hecord,  Feb.  2C,  1010. 

In  the  special  foundations  of  a  part  of  the  New  Y<M'k  rapid 
transit  suliways  and  some  adjacent  buildings,  about  360  cylindri- 
cal sti^l  anil  concrete  piles,  about  14  in.  in  diameter  and  varying 
in  length  from  S  ft  under  Rome  buildings  to  GO  ft.  under  the 
subway,  have  been  sunk  through  strata  of  earth,  sand  and 
gravel,  interspersed  with  stones  of  considerable  size.  The  piles 
were  constructed  by  putting  down  a  steel  shell  and  then  filling  it 
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with  concrete,  but  owing  to  the  limited  headroom  and  contracted 
working  space  none  of  the  usual  methods  of  placing  concrete 
piles  could  be  used.  It  was  necesaarj  to  drive  the  ^g'ln.  steel 
casing  in  succesaive  lengths,  2  ft.  long  and  overlapping  each 
other  about  a  foot,  by  meane  of  a  hydraulic  |aek  or  drop  ham- 
mer.   This  could  be  accomplished  without  much  trouble  by  using 


Fit;.  4^'     I>warf  Bucket  in  Use. 

a  cap  on  top  of  the  upper  section  of  the  casing  to  prevent  injury 
to  It,  but  tjie  removal  of  the  material  instde  the  casing  proved 
decidedly  tronlileoomc  at  first. 

It  was  decided  to  use  miniature  orange  peel  buckets  weighing 
about  28  lb.  apiece.  They  were  operated,  like  the  ordinary 
sizes,  with  two  lines,  one  at  the  head  of  the  bucket  and  the  other 
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altafhed  to  Itie  bull  wtie*l,  which  were  cBTried  up  to  the  sheavea 
of  a  double  hlock  and  managed  by  two  men,  one  lor  each  line,  and 
removed    all    the    material    Bucceaa fully. 

Tliia  kind  uf  exeavatin)!  was  nei'eBKarily  condneted  in  a  rw- 
eeHsion  of  Btaj^eB.  After  the  raisiti);  was  foi'ted  down  a  few  feet 
by  the  jack,  the  cap  was  lifted  off,  and  the  material  taken  out 
with  a  bucket.  Other  sections  of  the  casing  were  tlien  placed  on 
top  of  those  already  Hunk,  and  the  driving  wax  resumed  until  it 
was  neressary  to  uae  the  bucket  again.  If  a  large  atone  was 
encountered  it  was  broken  up  by  a  drilling  bit,  which  was  churned 
up  and  down  until  the  rock  was  broken  up.  The  size  of  some 
of  thu  pieces  of  atone  brought  up  by  these  tittle  buckets,  when 
copipsred  with  the  »ixe  of  the  buckets  themselves,  was  surprising. 
After  a  casing  had  been  sunk  and  tested  to  see  that  It  had  th« 
bearing  capacity  required  by  the  Public  Service  CommiBsion,  it 
was  filled  with  concrete,  thus  completing  the  pile.  The  buckets 
frequently  operated  in  25  ft  or  more  of  water,  and  one  of  them 
could  excavate  from  3  to  8  lin,  tt.  of  material  in  a  day,  depending; 
upon  its  character  and  the  working  conditions. 

It  i3  apparent  that  these  little  buckets  are  adapted  for  othei 
claeaes  of  work  which  often  cause  trouble,  such  as  digging  and 
cleaning  wells  and  handling  materials  heated  in  kettles  or  cal- 
drons. For  example,  articles  thrown  into  a  hot  bath  could  be 
removed  in  this  way  by  perforating  the  blades  of  the  bucket 
to  allow  the  liquid  to  drain  out. 


Fij;.  4!l.     I 'ounter weight  Drum. 


Connteiweiglit  Smm.  Where  a  double  drum  engine  is  used  in 
connection  with  a.  bucket,  and  the  boom  of  the  operating  machine 
is  to  be  raised  and  lowered,  a  counterweight  drum  will  takt 
the  place  of  an  additional  drum  on  the  engine  at  considerabl.v 
less  cost.     These   drums   may    also   be   need    in    connection    witk 
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B.  ningle  dnnn  pnginc  vlien  operating  the  various  typee  of  orange 
peel  and  clam  Dhell  bucketn. 

The  drum  is  in  no  wBf  connected  to  the  hoisting  engine  and 
may  be  placed  in  any  (.-onvenient  location  for  the  leading  of  the 
holding  line  to  the  bucket  and  the  counterweight  line  to  the 
counterweight. 

In  operation,  the  bucket,  being  lowered,  raieea  the  cijunter- 
weight;  when  lieing  hoisted  the  counterweiglit  rotates  tlie  drum, 
taking  up  the  slack  in  the  closing  line,  and  when  the  dumping 
point  ii  reached  the  band  brake  holds  the  bucket  at  an;  desired 
point.     The  band  brake  may  be  operated  by  a  foot  or  hand  brake. 

A  drum,  similar  lo  the  one  shown  in  Fig.  49,  weighs  approxi' 
tnately  1,100  lb.  for  shipment  and  costs  $235  f.  o.  b.  New  York. 

OaioUne  excBTatoi  for  operating  a  clam  aliell  or  orange  peel 
bucket  has  a  30-ft.  boom  and  is  equipped  with  a  two-drum  control 
to  operate  any  standard  bucket.  The  manufacturer  claims  that 
with  a  %-yd.  bucket  in  sand,  stone  or  gravel  the  daily  average 
in  10  to  15  cars  per  day.  Thi<>  machine  has  the  following  gen- 
eral uses:  digging  sewers,  cutting  gravel  banks,  removing  over- 
burden, dredging,  excavating  and  rehandling  material.  The  aver- 
age  working  speed  is  estimateil  to  be  from  1  to  3  buckets  per 
min.,  with  a  capacity  in  ten  hours  of  from  400  to  600  cu.  yd. 
depending  on  the  material.  The  shipping  weight  is  approximately 
32,S0O  lb.  and  the  price  is  $0,500.00,  bucket  extra. 

LABI)  SREOaE  OR  QRAB  BUCKET  EZCAVATOB 

In  building  irrigation  ditches  in  the  Modisto  and  Turlock  dis- 
tricts along  the  San  Joaquin  river  in  California  in  sand  and 
hardpan  a  land  dredge  or  grab  bucket  excavator  was  used  for 
part  of  the  work.  The  machinery  is  mounted  on  a  skid  plat- 
form in  X  30  feet  which  rests  on  movable  wooden  rollers  running 
on  planks  on  the  ground.  The  dredge  move«  alons  'he  axial 
line  of  the  canal  receding  from  the  breast  as  it  is  excavated.  It 
is  moved  ahead  from  3  to  5  feet  at  a  time  by  means  of  a  steel 
cable  anchored  to  a  "  dead  man  "  and  wound  on  a  drum  driven  by 
the  engine.  The  A-frame  which  supports  the  boom  is  20  feet 
high.  This  boom  inclines  about  45°  and  may  be  swung  180° 
horimntally  by  a  bull-wheel  liut  has  no  vertical  motion.  The 
bucket  is  of  the  clam  shell  type,  one  cubic  yard  capacity,  weigh- 
ing  2,800  lb.  The  operator  stands  on  a  platform  on  the  A-framc 
end  controls  the  machine  by  3  levers  and  2  foot  brakeB.  A  25 
hp-  single  cylinder  gasoline  engine  furnishes  the  power  and 
drives  a  series  of  combination  gear  and  friction  brake  drums 
controlling  the  motion   of   the   excavating   bucket.     The  machine 
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<!OBt  $5,U0O.  Wages  of  the  crew  of  5  men  and  a  team  during 
oni!  miinth  Bmnimttd  to  $305.00.  The  eupplfeB,  which  included 
400  feel  of  Vb-'h  hoiating  cable  costing  $50.40,  rollers  cottting 
S21.00.  a.  lur<t(;  intermedial  e  gear  costing  $14.00,  dt-precjation  i' 
machine  $10.00,  and  gflKollne,  oil,  CKploaiven,  etc.,  amounting  1 
$2ie.24.  Fourteen  thoufiand  cubic  yards  were  excavated  at  a  co^ 
of   $0.p35   per  cubic   yard. 


Fig.  50.    Clam  Shell  Dredge  Cleaning  Canals  in  Imperial  Valley. 

Traction  driven  machines  (Fig.  50),  equipped  with  IS  cu 
clam  Bhell  buckels,  were  Hsed  by  the  California  Development 
Co.  for  cleaning  canals  too  small  to  float  dredges.  ThPse  ma- : 
c-hineH  have  a  40-lt.  steel  boom  carried  on  an  all  steel  frame. 
The  maximum  width  of  cut  ia  14  ft.  The  power  is  supplied  bj 
a  I5hp.  gasoline  engine  The  machine  has  two  forward  trac-  ' 
tion  speeds  and  one  reverse  These  machines  cost  $5,000  each 
(al>out  1910)  and  the  co»l  of  handling  material  with  them  was 
about  13  cents  per  cu.  yd. 


cCiOOi^lu 


SECTION  16 
BUIIDniGS 

The  onlf  bnildiDgB  that  properly  need  be  described  in  a  YiotM 
of  lliiH  fliuracler  a.re  tliuse  of  a  temporary  or  eemi -permanent 
chararter. 

Contraetort'  Portable  Iron  BuildlntTi.  Tlie  foDowing  notee.  ap- 
peared in  the  Evgiiuerivg  Record,  Oet   26,  1!)12, 

Several  portable  iron  buildingh  were  erected  to  provide  quarters 
for  the  ennotruction  force,  and  to  hoiiHe  materialH  and  Kupplies 
used  in  building  a.  power  plant  for  tbe  N'orthern  Ohio  Traction  II 
Ljolit  Co.  near  Akron,  Obio.  The  8mallent  building  i8~a  powder 
houM,   12x12   ft.   in   plan.     An   office   12x32   ft.,  shown   in    the 


^ 


i2Wh» 


Fig.  51.    Sectional  Metal  Building  for  Construction  Work. 

iccomnnnyin);  illni't ration,  a  bunk  houne.  12^  2f)  ft.,  and  a  stor- 
ige  houBe,  12x28  ft.,  also  were  provided  The  buildinRB  are 
constructed  in  units  so  the  width  or  length  may  be  inereaBed  by 
vnj  multiple  of  4  ft.  Sills  ot  8xl0-in.  timlwrg,  pinned  together 
it  the  cornerH,  ware  provided.  With  these  in  place  for  each 
3uilding,  the  front  corners  of  the  latter  were  bolted  down  and 
105 
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then  the  balance  of  the  sections  were  erected  in  succetaive  order, 
Kach  bectiun  is  fastened  to  tlie  next  b;  means  of  three  bolts.  Ai 
fast  as  the  sides  were  in  place  the  roof  could  be  erected  without 
any   framing,   as   the   buildings   are  complete   in   themselves. 

I)T7  Home.  Mr.  R.  E.  Tremoureux  in  the  lUining  and  Hcin- 
tific  FrcM,  June  17,  1916,  has  written  the  followinj>: 

A  new  dry-house  was  built  at  the  Champion  mine,  Nevadi 
City,  California,  in  November,  1!*].5,  to  accommodate  320  men, 
at  an  approximate  cost  of  $8  per  man.  The  bouse  is  built  on  i 
level  waste-dump,  with  concrete  walls  four  inches  above  the 
floor-level.  The  floor  eonlains  2, ISO  M|nare  feet  of  concrete  pul 
in  at  the  following  cost  per  square  foot; 

Labor W.ftM 

Suppliea    — O.WB 


Tot^    . 


Tbe  floor  is  built  with  a  grade  to  the  centre  of  the  shower- 
baths.  The  building  is  36  by  GO  ft.  and  12  ft.  high,  with  a  O-ft 
rise  in  the  roof.  The  building  contains  5,2S4  board-feet  of 
lumber,  built  at  tbe  following  cost  per  M  board-feet: 

Labor tH.80 

Supplies 21.20 


The  roof  and  s)de»,  having  5,407  square  feet  of  outside  surface,! 
including  doors  and  windows,  cost  per  square  foot: 


Tolal tn.151 

The  house  is  built  to  contain  8  sections  of  suspenOed  lockers, 
each  locker  containinj;  40  compartments.  The  lockers  are  counirr 
balanced  on  the  outside  of  tbe  building  and  can  be  raised  »tA\ 
lowered  easily  by  one  man.  When  raised  the  bottom  of  tl" 
locker  is  eight,  feet  from  the  floor  Tliere  are  four  shower?  i' 
the  main  room  and  one  in  the  foreman's  office.  The  wash-atai)J< 
are  built  along  the  sides  of  the  showers  The  dry  is  hcal'J 
through  2-in.  pipe- radiators,  by  an  Ideal  hot-water  boiler.  T 
total  tummarized  costs  are  as  follows: 

Udteriala 
and  iDppliea        l^ital 
t     IS-GO 
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Materials 

Labor       and  snppliee         Tolal 

Root  asd  >td«  ,. ti.m  tts.os  S20.5S 

Windovt  add  doors 2».0«  1 0«  30.06 

Lockers ilT  !»  Z37.S4  4SE  34 

Ideal  boiler  erection  12.CT  ZTO.30  212  B3 

Boiler  TBdialora    10315  131.^  224.30 

Hot-T*ter  boiler 13.37  20.80  3417 

EkctricBl    work    2U9S  Itl.OO  30»» 

SbDwera 2538  4I.2Z  66.60  ■ 

ForeiMn's  office 11.75  7  50  1S2S 

Pipe  work 2063  36.65  B7.n 

WiitewMhine    3450  3.30  27.70 

Sundry 3S75  2.63  41.38 

Superintendence 60.1X1                60.1X1 

ToUl«    J8S9.8B  (1.747.27  13.677.13 

Car  Campi.  The  following  was  taken  from  Engineering  Yetcs 
Becord,  Feb.  27,  1910.  Car  I'amps  on  wheels  with  a  bunkhou«e 
and  mesfl'hall  unit  in  each  outfit  repay  their  cost  each  aeason 
on  road  maintenance  in  Gogebii;  County,  Michigan,  hj  reducing 
lost  time  of  men  and  wear  and  tear  of  camp  equipment.  An 
outfit,   with   a   mess-hall    unit   complete,   as   illustrated,   and   an 


Fig.  52.    Portable  Car  Camp. 

exactly  aimilar  bunkhouae  unit  without  furnishings,  was  built  by 
a  local  wagon  maker  for  $076. 

Tlie  wagons  are  standard -gear,  with  %  x4-in.  tires,  3^  x  12-in. 
skeiiiB,  2S-in.  front  wbeela  and  36-in,  rear  wheeU.  Tlie  bolsters 
are  made  as  wide  as  possible;  in  this  case  they  are  40  in.,  and 
tlie  front  boleler  is  so  arranged  that  the  front  wheels  can  turn 
under  the  body  as  far  as  the  reach. 

The  bunkhouse  unit  will  accommodate  cota  for  12  men.  A 
7,0<)0-lb.   tractor   hauls  each   unit  easily. 

Tbe  City  of  Bun  Francisco  has  adopted  a  standard  design  for 
bunkhotues  on  the  Iletcli  Hetchy  project.  This  is  not  only  to 
simplify  material  billing  and  construction,  but  in  order  to  fit 
in    with    the    necessity   for   moving    camp    frequently.    Because 
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practiraliy  all  psrts  of  the  work  , 
SB-mile  railroad,  it  is  deKiiable  to  u 
readily  loaded  on  »  flat  car. 

Two  standard  sizra  are  in  UHe,  a  10-ft.  x  16-ft.  house  for  eight 
men  end  a  10-ft.  x  3G-ft.  houae  for  aixteen  men.  Both  use  two 
tiers  of  bunka.  The  design  calls  for  2-in.  x4-in.  studding,  4-in. 
x4-in.  corner  postn  and  hattons  over  the  joints  between  the  1-in. 
sheathing.  There  is  nothing  unusual  about  the  design  except, 
perhaps,  that  the  4-in  x  S-in.  floor  plates  are  always  uned  in 
full  length  pieces  to  afTord  &  eubetantial  "bottom"  on  which 
the  house  can  be  jacked  up  and  skidded.  The  frame  is  -well 
hraced  to  witlintsnd  the  rackini;  incidental  to  inoviuj;;,  and  a 
tar-paper  roofing  keeps  the  weight  to  a  mioimum.  Tbe  lumber 
in  the  larger  si^e  structure  totals  only  about  3,000  ft,  bm. 
Where  a  camp  is  to  be  maintained  for  a  short  time  only,  tbe 
custom  is  to  »kid  the  bunkhouse  from  flat  car  onto  a  crib  built 
up  alongside  to  suitable  height  and  leave  it  there  until  the   next 

Portable  Sectional  Bnnkhomes.  The  following  is  taken  from 
Engineering  Ifewf  Rfcard,  Jan.  17,  1018.  The  standard  design 
adopted  by  the  Pennsylvania  B.  R.  for  wooden  buildings  of 
thi>i  sort  is  shown  in  Fife.  53. 

The  buildings  are  of  light  framing,  with  sheathing  of  tongued- 
and-grooved  white  pine,  and  roof  panels  of  plank  covered  with 
tar  paper  They  are  built  in  lO^-ft.  lengths,  end  have  «  uni- 
form width  of  20  ft.  and  height  of  10  ft.  from  floor  to  ridse 
The  exterior  is  covered  with  pebble-dash  roofing  paper.  For 
semi -permanent  structures,  as  at  railway  shops,  the  floors  are 
set  on  concrete  piers  alnut  18  in.  aliove  the  ground,  and  roof 
gutters    and    downspouts    are    provided. 

The  buildings  can  l»e  made  of  any  desired  length,  and  equipped 
for  various  uses.  The  bnnkhouse  has  uxuslly  Ave  sections.  It 
has  steel  double-deck  bunks,  and  is  fitted  with  lockers  and  sta- 
tionary washstanda  supplied  with  running;  hot  and  cold  water. 
Shower  baths  are  provided  whenever  possible.  A  IZVfft.  mess- 
room  has  two  sections  (21  ft.)  for  the  kitchen,  and  five  sections 
(52^  ft)  for  the  dining  room.  This  latter  has  six  rowa  of 
benches  and  two  tables.  The  commisMry  building  for  the  store- 
keeper or  timekeejicr  has  two  sections. 

Sides,  ends,  floor  and  roof  form  separate  sectionn  or  panels. 
These  are  packed  flat  for  shipment,  and  material  for  four 
buildings  can  be  transported  easily  on  a  flat  or  gondola  car. 
When  erected,  the  icctions  are  put  together  with  hooka  and  eye- 
BCiewa.  Tbe  separate  panels  are  readily  treated  with  disinfec- 
tants, applied  by  brush  or  spray,  and  this  work  is  easier  and 


more  effective  than  disinfecting  a  car.  Coat  of  construction  ia 
»bout  TA  cents  per  en.  ft  Vnlnnitin!!'  an'1  erecting  coeta  about 
$5  per  unit,  dianuuttling  and  loading  the  same; 


Fig  53.    P.  H.  R  Standard  Portable  Bunk  House, 

Conitmotion  Gamp  for  the  Town  of  Torrance,  Cal.  Mr.  Ralph 
Bennett  in  Engineering  News,  Aug.  27,  1914,  has  written  the  fol- 
lowing: 

A  camp,  whether  temporary  or  permanent,  ahould  be  located 
on  gently  aloping  ground  ithich  will  provide  satisfactory  drain- 
age. 

The  moRt  important  requiflite  ia  water.  Provision  should  be 
made  for  aeeuring  a  xnpply  whidi  will  be  ample  and  imcontam- 
inated  during  the  entire  duration  of  the  work.  Water  nhould 
come  to  the  camp  under  aunicipnt  pressure  fur  ordinary  tank 
UM  and  should  be  supplied  through  pipes  3  or  4  in.  in  diameter 
so  that  one  or  two  fair-sized  fire  streams  can  be  used.  There 
■hould  be  a  2-in.  hoae  outlet  with  100  ft.  of  li^-in.  cotton  fac- 
tory Are  hoee  located  to  cover  every  building- 
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As  a  matter  of  fire  protection,  as  well  as  of  convenience,  all 
buildings  HlLould  be  wired  for  eWlric  lights,  and  the  use  of 
lanterns  ahould  be  restricted  to  those  claases  of  work  which 
require  portable  outdoor  lights. 

The  structures  composing  a  permanent  camp  are  usuallif  a 
cook  houtte,  dining  room,  one  or  more  Imnk  houses,  a  stable  for 
horses  and  a  commissary  or  cornpany  store.  To  these  there  is 
frequently  added  a  wash  house  and  eometimes  a  number  of 
cottages   for   married    men. 

In  the  cook  house,  the  item  of  most  particular  iitterest  is  the 
roof  and  window  arrangement.  A  shed  roof  is  eonsiderBbI? 
cheaper  to  build  than  any  other  style.  In  the  design  shown 
(Fig.  B5),  necessary  atilTness  is  secured  for  both  the  roof  and  the 


building  by  the  use  of  a  simple  nailed  truss  under  every 
rafter.  Tlie  window  openings  are  practically  continuous,  *re 
screened  on  the  outside  and  have  the  sash  mounted  against 
the  inside  of  the  l)oarding  without  frames.  These  sashes  can 
be  leaned  back  during  the  summer  or  pulled  up  to  close  the  open- 
ings, as  the  climate  warrants.  This  side  of  the  cook  house 
should  preferably  face  the  east  or  northeast  in  order  to  obtain 
the  early  mornin;;  sunlight  without  becoming  overheated  during; 
the  afternoon.  The  high  windows  furnish  an  even  light  on  all 
tables  and  produce  satisfactory  ventilation  with  hut  little  draft. 
In  a  cook  house  larger  than  the  one  sbo^rn  tliere  abould  be  «, 
door  oppoiile  each  runway.  All  doors  must  be  of  ample  size 
and  arranged  to  swing  out.     All  openings  roust  be  aereened. 
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The  main  stove  should  be  of  ample  aixe  and  should  be  set  on 
H  concrete  or  brick  or  rock  base  large  enough  to  be  sate  from 
accidental  ignition. 

The  atove  should  have  a  water-back  with  large  storage-tank. 

The  larger  the  sink  and  drainboard  the  leas  troubfe  there  is  in 
retaining  Hunkeya.  The  tables  should  be  covered  with  white  oil- 
cloth. VVhite  enamel  ware  appears  to  give  better  service  than 
an.T  other  style  of  table  furnishing.  Benches  and  tables  should 
I)e  substantial.  The  tables  should  be  4  ft.  wide.  This  class  of 
furniture  is  thoroughly  satisfactory   for  camp  use. 


Fig.  55.     Cook  House  and  Dining  Boom,  Torrance 
Construction  Camp. 

If,  as  is  now  frei]uently  the  case,  the  management  provides 
an  occasional  lecture  or  moving-picture  show,  this  high-ceiling 
room  is  quite  satisfactory. 

The  bunk  house  (Fig.  56)  is  in  its  general  arrangement  - 
typical  of  a  large  number  of  bunk  houses  in  use  in  California, 
The  use  of  a  shed  roof  with  high  windows  furnisheK  better  li^t 
and  air  than  does  the  old  style  peak  roof.  In  this  particular 
house  the  bunks  are  usually  commodious  and  are  provided  with 
a  continuous  seat  alongside  of  each  lower  bunk  in  preference 
to  a  single  central  bench.  Steel  bunks  are  sometimes  substituted 
lor  wooden  frames.  They  have  the  advantage  of  being  vermin- 
proof,   but   the   disadvantage   of   leaking   loose   straw    and   other 
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material  more  or  leeii  continuouBly.  Except  in  very  severe  < 
climates,  do  Btove  should  be  permitted  in  a  bunlc  house.  If  there 
is  a  very  constderble  number  of  employees,  the  consLruction  of  a 
numbw  of  medium-eized  bunk  houses  ii  much  to  be  preferred  to 
the  use  of  a  single  large  building.  The  loss  in  case  of  fire  is 
less  and  tbe  men  are  better  satisfled  m  that  they  can  separftl«  , 
by  nationalities  and  trades. 

Certain  classes  of  employees,  such  as  cooks,  stable  men,  fore- 
men and  snperintendeDte,  require  separate  bouses  in  any  case.  . 


Fig.  60.    CroBH-Section  of  Bunk  House. 


Shed-roof  buildings  of  the  same  type  can  be  used  but  subdivided 
crosswise  into  the  necessary  number  of  apartments. 

A  combined  loafing  room,  bath  and  wash  room  should  be  con- 
structed in  a  camp  bousing  less  than  100  men.  In  larger  campe 
these  can  be  separated  to  advantage.  The  stove  here  should 
have  a  irater-back  to  supply  water  for  the  shower  baths  and  Ita 
washing  the  men's  clothing.  There  should  be  with  it  a  tank  ol 
very  considerable  size.  If  the  employer  furnishes  small  wash 
tubs  in  place  of  the  traditional  6-gaI.  <h1  cans,  tbe  men  will  ap- 
preciate them.     For  washing   the   face  and  hands,  tiiere   should 
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e  ■  row  of  faucets  located  out  of  doors  io  the  sun  above  a 
'ooden  trough  equipped  with  graniUnrare  Wftsh   basins. 

The  sanitatioa  of  the  camp  and  minor  policing  should  be  in 
harKC  of  a  sweeper  or  sweepeTH  who  would  clean  up  daily, 
upplj  necessary  wood  and  Htart  the  wasb-houije  Bre  before 
he  end  of  the  day.  Hs  should  keep  all  biuldinga  locked  during 
he  day  and  when  unoccupied. 

Ample  supplies  of  disinfectant  should  be  allowed  and  there 
hould  be  ft  periodical  whltewanhing  of  the  entire  property. 

Night  shift  employees  should  be,  so  far  as  is  possible,  seg- 
egated  into  a  separate  bunk  house. 

/Sfrmintr  Dner 


Fig.  57.    Fly  Trap  tor  Construction  Camp. 

Water  eloaets  equipped  with  first-class  plumbing  should  be 
ustalled  in  any  camp  where  the  duration  of  the  work  will  war- 
ant  it.  They  are  more  sanitary  and  agreeable  in  every  way 
han  the  best  possible  sinks,  and  have  the  very  great  advantage 
hat  they  can  be  so  screened  as  to  minimize  the  possibility  of 
ly-transmited  infection. 

The  moat  serious  foe  of  health  in  the  camp  is  the  fty.  Flies 
ive  on  garbage  and  breed  in  manure.     Manure  should  be  hauled 

way  daily  and  garbage  should  be  kept  covered.  A  number  of 
iy-traps  similar  to  the  one  shown  by  Fig.  57  should  be  located 

round  the  camp  and  emptied  very  frequently.  The  trapped 
tie*  can  be  stunned  by  dashing  distillate  or  gasoline  into  the 
age  and  can  then  be  shaken  out  and  burned. 
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A  camp  of  any  size  employs  a  larj^  niUDber  of  horses  and  tbey, 
with  their  feed  and  equipment,  occupy  a  stable  of  considemblF 
magnitude.  The  preferred  arrangement  of  camp  stables  place^^ 
the  raangera  lengthwiee  of  the  center  line  with  the  feed  on  one 
side  and  the  animals  on  the  other.  Centerpoet  construction  nlll 
be  more  ec<Hiomical  here  than  a  atngle-apan  shed  roof.  If  tiit 
stalls  are  on  the  south  side  of  the  building  and  arc  somewhat 
sheltered  from  the  prevailing  wind,  that  side  of  the  stable   can 
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Fig.  S8.    Portable  Dry  Cloaet  for  Caraps.  ' 

be  left  almost  entirely  open.  Hie  depth  back  of  the  animal' 
ahould  be  ample  for  a  convenient  runway.  The  hameBS  of  wort 
animals  ifl  nearly  always  hung  on  a  bracket  opposite  the  animal. 
but  there  should  lie  a  loeked  harnesa  room  for  atoring  and  repair- 
ing spare  equipment.  The  bigger  llie  corral  and  the  bi^er  nft, 
there  is  made  of  it,  the  less  trouble  there  Is  in  maintaining  thr 
health  of  the  animals.  A  great  many  horse  diseaaes  are  com- 
municated by  dirty  water  in  drinking  trougha.  Serien  troughs 
should  not  be  used  on  account  of  tbia  poaeibility.    Small,  short. 
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.ndividually-fllled  troughs,  emptied  and  eletLoed  once  a  day,  are 
Buch  to  be  preferred. 

Folding  Portable  Dry  Cloiet.  The  following  appeared  in 
Engineering  Netos  Record,  July  17,  1919. 

A  standard  design  of  dry  cJoset,  with  folding  portable  build- 
ing, designed  for  temporary  use  by  bridge  gangs,  etc.,  on  the 
Nashville,  Chattanooga  &.  St.  Louis  R.  R.,  and  adapted  aleo  for 
use  at  constructioD  camps,  is  xhown  in  the  accompanying  cut. 
ilne  end  is  hinged  to  the  back  and  the  other  to  the  front,  so 
ihat  the  building  can  be  folded  up  for  transportation.  Three 
Heavy  G-in.  trap  hinges  are  used  at  each  of  these  corners.  The 
>ther  two  corners  are  each  fitted  with  two  4  x  4-in.  looee  pin 
butts  for  holding  the  building  together  when  it  has  been  asKem- 
bleil,  a  box  being  provided  for  holding  the  pins  when  the  building 
is  disoiantled. 

The  drip  board  is  provided  with  two  pieces  of  No.  27  galvanized 
iron,  12  X  19  in.,  centered  on  holes  at  the  front  of  the  seat.  The 
loot  board,  drip  board  and  seat  are  connected  by  5-in.  strap 
hinges  bo  that  these  three  parts  can  1»  folded  together. 

For  the  roof,  the  plank  sheathing  receives  a  coat  of  white  lead 
md  linseed  oil,  and  while  this  in  wet  it  is  covered  with  heavy 
roofing  canvan  secured  by  nat-bead  copper  tacks.  Two  coats  of 
Khite  lead  and  oil  arc  then  applied.  Screws  and  cement-coated 
nails  are  used  in  the  building,  which  gets  two  coats  of  paint 
inxide  and  outside. 

Standard  portable  metal  Enrages  cost  as  follows  f.  o.  b.  Mil- 
waukee,  Wis. 

2*  gnuee  ilnglf  wall 


]£'bT  18  2362  361 

la  by  20  393t  543 

30  by  ZD  43TI  61S 

10  gsnge  (ingle  wiU 

10  by  14  1TS5  1330 

10  by  16  £tM3              ,  2G1 

12  by  IS  2412  330 

18  by  18  4130  475 

20  by  20        -  eiOD  606 

'inging  door  sdd  (8.00  esch,  for  awisgiae  wlndovB  add  t^M  e. 


SECTION  17 
CABLEWATS 

The  followin);  notee  on  ctihlewaTg  are  from  Chapter  XIII  of 
aillette'a  "  Earthwork  and  Its  Cost." 

Cablewaya  properly  include  only  those  means  of  haulage  wherein 
the  load  is  suBpended  beneath  a  cable  bj  means  of  a  carriage 
whose  grooved  wheels  run  on  top  of  the  cable. 


Fig.  S9.    Standard  Cableway  Carriage. 

Cableway.  The  term  cableway  was  coined  in  order  to  indicat« 
an  aerial  transportation  machine  in  which  the  single  load  wae 
hoisted  as  well  as  transported  on  a  single  strand  of  cable.  The 
term   "  aerial,  tramway "  applies   to   a   machine  in   which    the 

lie 
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loads,  often  Hmall  and  numeroua,  are  bauled  along  a  fixed  track 
by  a.  moving  traction  rope.  On  the  aerial  tramwa;  the  carrier 
may  be  arranged  to  pass  ttie  towerg  or  other  supports,  and  thia 
ia  one  of  the  distinctiTe  points  of  difference  betveen  an  aerial 
tramwBj  and  a  cableway.  In  the  aerial  tramway  the  cables  are 
tightened  by  meanit  of  Heights  or  similar  tension  device,  but  in 
the  case  of  the  coasting  or  gravity  ci>bleway  no  tension  devices 
are  required. 

A  cableway  eonsieta  essentially  of  a  main  cable  suspended 
between  two  towers  or  anchorages,  serving  as  the  track  for  a 
trolley  carrying  the  load.  Thia  load  is  pnlled  hack  and  forth 
by  smaller  cables.  Where  the  track  cable  id  to  arranged  that  the 
alack  may  he  increased  or  diminished  at  the  will  of  the  operator, 
thereby  directly  raising  or  lowering  the  load,  the  machine  is 
termed  a  "  slack  cableway."  Similarly,  when  one  end  of  the 
cableway  can  be  rained  or  lowered  ao  that  the  load  mat/  slide 
through  gravity  to  the  other  end,  the  machine  ia  termed  a 
"  coasting  "  or  "  gravity  cableway."  When  the  loads  on  a  cable 
way  are  all  to  be  carried  in  one  direction  it  will  often  pay  to 
have  the  dump  end  of  the  cableway  at  a  lower  point  than  the 
loading  end. 

Another  type  of  cableway  is  that  in  which  the  track  cable  is 
also  the  hauling  and  return  cable,  the  cable  being  continuous 
from  one  end  of  the  span  to  the  other  and  back  agaiD.  The 
bucket  is  either  firmly  fastened  to  the  cable  or  held  in  place  on  it 
by  friction. 

The  Economic  Vm  of  cablewsys  is  limited  by  the  following 
conditions;  (1)  A  sufficient  quantity  of  work  to  pay  the  cost 
of  the  first  installation,  plus  the  cost  of  ensuing  removals  and  re- 
in stallati  on  b,  and  (2)  a  sufficient  quantity  of  work  within  the 
length  of  span  and  within  economical  reaching  distance  each 
side  of  the  cableway  to  repay  the  cost  of  one  installation  and 
removal.  These  conditions  arc  often  fnlfilled  on  trench  and  canal 
excavation  and  in  the  construction  of  dam  foundations. 

Cableway  Coats.  The  cost  of  a  calileway  depends  upon  the 
length  of  span,  height  and  type  of  towers,  and  the  quantity  and 
kind  of  power  required.  In  general,  a  cableway,  designed  to 
operate  in  earth  excavation  or  tor  conveying  buckets,  costs  from 
(S  to  $15  per  ft.  of  span,  for  spans  of  400  to  800  ft.,  and  from 
$e  to  $12  per  ft.  of  apan,  tor  spans  of  1,000  to  2,000  ft. 

A  Dnplex  Cableway   (two  complete  cables,   15  to  20  ft.  apart, 

on  common  towers)   will  cost  about  $11.50  per  ft.  of  span,  for 

spans  of  2,000  ft.,  when  the  towers  are  from  75  to  130  ft.  high. 

Cableway   Syltetnt.     F.   T,   Rnbidge,  in  Engineering  and   Cotf 

Irocttnj,  Jan.  8,  1908,  gives  the  following:     Mr.  Bubidge  defines 
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an  inclined  cableway  as  one  having  Bufficient  inclination  so  that' 
the  power  required  to  hoist  the  load  ie  less  than  that  required 
for  conveying.  This  enables  the.  use  of  a,  single  rope  for  both 
hoisting  and  conveying.  Where  the  inclination  of  the  cablewar 
is  less  than  thin,  it  is  classed  ae  horizontal,  though  the  Puds  of 
the  span  may  be  at  different  levels. 

Horizontal  Cableicagt.  In  this  system,  in  addition  to  thf 
cable  and  carriage  that  travels  upon  it,  there  must  be  provided 
independent  means  for  hoisting  and  conveying  the  load. 


Fig.  60,     Balanced  Cable  Crane  Horizontal  Cableway,  , 

In  the  case  where  the  motor  is  installed  upon  the  carriage,  the 
latter  is  propelled  by  gearing  to  the  sheaves  traveling  upon  the 
main  cable.  As  a  cable  with  both  ends  tixed  takes  the  approxi- 
mate form  of  an  ellipse,  it  would  be  impossible  for  the  carriage 
to  climb  the  st«ep  part  of  the  curve  at  either  end.  To  overcome 
this,  the  bents  or  towers  are  free  to  move  at  the  top  in  the 
direction  of  the  cable  and  they  are  so  weighted  that  the  main 
cable  is  under  constant  tension.  This  causes  the  carriage  to 
travel  an  approximately  uniform  grade.  This  device  is  called 
the  Balanced  Cable  Crane.  The  fact  that  the  cable  must  sustain  ; 
the  additional  weight  of  the  motor  and  moturman  is  a  diaad. 
vantage,  but  in  many  cases  it  is  offset  by  the  advantage  of  having 
the  operator  close  to  the  paints  of  loading  and  dumping. 

Arrangemait  of  Hoiitittg  and  Conveying  Ropes.  In  caeea  where 
the  engine  or  motor  is  located  at  the  end  of  tlie  span,  ropex  in 
addition  to  the  main  rahle  are  necessary,  the  one  for  hoisting, 
the  other  for  conveying.  VVlien  an  orange-peel  oi*  other  self-filling 
bucket  is  used,  a  third  rope  and  an  extra  drum  on  the  engine 
must  be  provided. 
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Figs.  61,  62  &nd  63  show  three  different  arruigements  of  hoiat- 
ing  and  conveying  ropes  which  have  been  adopted  by  the  Lidg«r- 
'^wood  Mfg.  Co.,  the  Lambert  Hoisting  Engine  Co.,  and  the  Trenton 
Iron  Co.,  reBpectiveiy. 


/^iwyy-ai 
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Fig.  (11.     Arrangement  of  I.idgerwood  Cahleway. 

In  the  arrangement  adopted  by  the  Lidgerwood  Co.  the  load 
ia  first  hoisted  to  the  desired  height.  During  conveying,  both 
hoisting  and  conveying  drums  must  be  in  operation,  and  of  the 
same  diameter  so  that  the  load  may  remain  at  a  constant  diS' 
tance  from  the  cable. 


Arrangement   of  Lambert   Cableway. 


In  the  arrangement  used  by  the  Lambert  Co.,  the  engine  drums 
have  different  diameters,  the  larger  being  the  conveying  drum. 
This  permits  simultaneoue  hoifitiijg  and  conveying,  and  a  con- 
veying speed  greater  than  the  hoisting  speed. 

The  arrangement  used  by  the  Trenton  Iron  Co.  was  devised 
to  obviate  the  necessity  of  using  carriers  to  prevent  sagging  of 
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Fig.  63.     Arrangement  of  Trenton  Iron  Co.'s  Cableway. 

the  hoisting  rope.  The  hoisting  rope  is  attached  to  an  endless 
rope  at  the  point  A  by  means  of  a  specially  constructed  swivel 
connection.  Tlie  endless  rope  is  passed  a  number  of  times  around 
ta  elliptic-faced  drum,  to  give  suflleient  friction  for  h''  "        " 
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load.  In  openitioit  both.  hoiBting  and  coaveying  drume'  are  in 
motiDD  during  conveying,  and  both  must  be  of  the  ftame  diameter.  I 

Fall-Rope  Carrie*^.  The  economical  operation  of  »  cali1'*<ray 
depends  in  no  amall  measure  upon  the  carriers  employed.  Their 
function  is  to  prevent  esceHsive  tension  (due  to  sag-)  in  the 
hoisting  rope,  so  that  when  the  load  ia  detached  from  the  fall- 
btock,  the  latter,  while  free,  will  not  ascend  to  the  carriage. 
Even  with  the  use  of  carriers  it  is  necessaary  to  use  a  weighted 
fall-block,  BO  that  it  may  be  raised  or  lowered  by  the  engineman 
when  no  load  ia  attached. 

The  following  are  styles  of  carriers  in  use: 

(l)  Chain-Connected  Carriers.  These  consist  of  a  supporting 
sheave  which  travels  upon  the  main  cable,  below  which,  in  the 
same  frame,  are  sheaves  for  the  support  of  other  necessary  ropes. 
The  aide  plates  whicli  form  the  frame  for  the  sheaves  must  pro- 
ject beyond  them,  so  that  when  adjacent  carriers  strike  each 
other  the  sheaves  will  not  come  into  contact.    The  connected 


Pig.   64.    Lambert-Delaney  Carrier. 

e  attached  at  one  end  to  the  lower  and  at  the  other 
to  the  carriage.  When  the  carriage  is  close  to  the  head  tower 
(engine  end),  the  carriers  are  all  in  contact  with  the  chains  hang- 
ing in  loops  below.  As  the  carriage  moves  toward  the  tail  tower 
the  carriers  are  spaced  along  the  cable  with  the  chains  hanging 
in  festoons  below. 

(2)  Button-Rope  Carriers.  With  this  carrier  an  additional 
rope  across  the  span  is  required.  It  is  fixed  at  one  end  and  kept 
at  a  constant  tension  by  a  weight  at  the  other.  At  intervals 
along  the  rope  ore  affixed  "  buttons  "  with  a  gradation  of  diam- 
eters, the  smallest  being  the  flrst  from  the  head  tower.  The  car- 
riers are  provided  with  eyes  having  a  corresponding  gradation 
of  diameters,  slightly  smaller  than  the  bnttons,  through  which 
the  button  rope  is  threaded.  The  carriage  is  provided  with  a 
projecting  arm  or  "horn,"  which  picks  up  the  carriers  as  each  is 
met  during  the  travel  of  carriage  toward  the  head  tower.  AH 
the  carriers  are  riding  upon  tbe  arm  when  the  head  tower  ie 
reached.  On  moving  away  from  the  head  tower,  the  first  button 
passes  through  the  eyes  erf  all  the  carriers  hut  the  last.    This 


CABLBWAYS  121 

one  is  Hnatched  from  th«  arm  and  deposited  upon  the  cable.    The 
secmd  button  selects  the  next  carrier,  and  ho  on. 

(3)  The  Lamhert-Delaney  Carrier,  This  is  rather  an  ingeni- 
ous device,  depending  upon  the  fact  that  points  along  the  vertical 
diameter  of  a  horizontally  rolling  wheel  travel  at  different  ve- 
locities. The  rolling  wheel  in  the  case  of  the  carrier  is  inverted, 
and  rolls  upon  the  under  aide  of  the  main  cable.  The  conveying 
rope  is  the  rolling  force,  and  is  applied  at  different  distances  from 
the  center  of  the  rolling  sheave  to  Obtain  the  required  variation 
in  velocity  of  travel.  Fig.  84  illustrates  the  eonatruction.  It  will 
be  noticed  that,  in  the  quarter  spwd  carrier,  a  yoloe  with  set 
screw  is  used  to  increase  the  friction  between  the  rolling  sheave 
and   cable. 

The  advantages  and  disadvantages  of  the  above  types  of  car- 
riers arc  as  follows: 

Chain-coniiu^cled  Carriers.  Advantages:  (at  Simplicity,  (b) 
Not  easily  deranged,  (c)  Positive  spacing.  Disadvantages:  (a) 
Extremely  heavy,  (b)  Considerable  wear,  (c)  Power  required 
to   stretch   chains   as   carriage  nears   tail  tower. 

Button-ropn  Carriers.  Advantages:  (a)  Extremely  tight, 
(b)  Minimum  wear  to  both  carrier  atid  cable,  (c)  Positive  spac- 
ing.    Disadvantages:      (a)   Maintenance  of  button  rope. 

Laimhert-Delaney  Carriere.  Advantages;  (a)  Neither  rope 
Dor  chains  required  for  spacing,  (b)  Weight  of  carriers  uni- 
formly distributed  at  all  times  between  carriage  and  towers,  (c) 
Modiprate  weight.  Disadvantages:  (a)  Double  bending  of  con- 
veying rope  while  passing  through  carriers,  causing  short  life  of 
rope,  (b)  Variable  spacing  due  to  slip  between  rolling  slieaves 
and  cable,      (c)   Large  number  of  sheaves  to  mnlntaln. 

The  arrangement  shown  in  Fig.  OS  is  "the  Lnurfut-Cherrr" 
system,  which  employs  no  carriers,  as  above  mentioned.  The 
advantages  are:  (a)  A  minimum  of  working  parts  not  easily 
accessible,  (b)  A  minimum  of  dead  weight  to  be  sustained  by 
cable.  The  disadvantages  are:  1b.)  The  endless  hoi'^ing  rope  is 
subject  to  considerable  #ear  owing  to  constant  slipping  on  elliptic- 
faced  drum,  (b)  When  hoisting  from  a  considerable  depth  below 
the  main  cable  and  convcyitig  toward  the  tail  tower,  there  is  a 
limit  to  the  distance  of  approach  to  the  tail  tower,  owing  to 
the  fact  that  connection  at  A,  Fig.  63,  cannot  pass  over  the  tail 
tower  sheave.  On  this  account  a  greater  span  ts  necessary  under 
such   conditions   than   in   the   other    arrangements. 

The  Incline  Cahleicay.  It  is  obvious  that  when  the  inelination 
of  the  cable  is  such  that  greater  power  is  required  tor  conveying 
than  for  hoisting,  the  carriage  will  remain  stationary  on  the 
cable  while  the  load  is  being  hoisted,  even  though  no  conveying 
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or  endless  rope  Ia  uHcd.  Should  the  load  be  hoisted  until  the  fall- 
block  comes  into  contact  with  the  carriage,  the  fnrther  pull  oa 
the  hoisting  rope  will  cauue  the  carriage  with  the  load  to  move  I 
along  the  cable.  A  single  drum  engine  is,  theref(»'e,  all  that  ia  I 
neceBsary. 

The  mmpleet  form  of  incline  cableway  is  used  where  the  load- 
ing and  unloading  are  always  done  at  the  same  point.  Id  this 
case  a  stopping  block  is  clamped  to  the  main  cable  to  prevent  the 
carriage  running  below  the  point  of  loading,  and  a  selfeogaging 
latch  is  clamped  to  the  cable  at  the  unloading  point  to  hold,  the 
carriage  in  position  while     the  load  is  lowered. 

Where  it  is  necessary  to  provide  means  for  loading  and  un- 
loading at  any  point,  an  endless  rope  is  used  as  in  the  horizontal 
cableway,  but  no  power  is  neeeasary  for  its  operation,  ite  fiwction 
being  merely  to  bold  the  carriage  at  any  desired  point.  This  is 
accomplished  hy  passing  the  endless  rope  b.  number  of  times 
around   an   elliptic-faced   drum   provided  with   brake  only. 

The  Aeriai  Dump.  The  range  of  the  cableway  is  largely  in- 
creased by  the  possibility  of  dumping  the  contents  of  the  skip 
at  any  point  in  its  travel  by  the  manipulation  of  a  lever  at  the 
engine.  The  skip  employed  has  an  open  end,  so  that  tilting  ia  all 
that  is  necessary  for  dumping.  The  skip  is  suspended  from  the 
hook  of  the  fall-block  by  chains  with  huok  ends  attached  to  the 
aides  and  ends  of  the  skip.  The  end  of  the  skip  is  also  attached 
to  another  fall-block  reeved  with  the  dump  line.  The  latter  nticcs- 
sitates  two  additional  sheaves  below  the  cable  in  the  carriage, 
and  is  reeved  in  a  manner  similar  to  the  hoisting  rope.  In  the 
Lidgerwood  self^dumping  device  the  dump  line  is  wound  on  the 
hoisting  drum,  and  when  it  is  desired  to  dump  the  skip,  the  line 
is  shifted  by  a  suitable  mechanism  upon  an  increased  diameter  of 
drum.  This  causes  the  dump  line  to  be  drawn  in  at  a  higher 
rate  of  speed  than  the  hoisting  rope,  and  results  ia  the  tilting  of 
the   skip   for   discharging   the  contents. 

Id  the  Lambert  system  the  dump  line  is  attached  to  its  own 
drum  mounted  on  a  shaft  with  the  hoisting  drum,  in  close  con- 
tact with  the  latter  and  so  arranged  that  the  hoisting  drum- 
when  released  with  a  load,  can  make  only  a  half  revolution  while 
the  dump  line  drum  is  stationary.  During  hoisting,  -the  hoiatin}! 
drum  drives  the  dump  line  drum  and,  both  being  of  the  same 
diameter,  the  skip  remains  horizontal.  W'hmi  it  is  desired  to 
dump  the  skip,  the  brake  is  applied  to  the  dump  line  drum  and 
released  on  the  hoisting  drum. 

Lubrication.  The  fact  that  the  sheaves  in  the  carriers,  car- 
riage, and  tops  of  towers  are  not  easily  accessible  renders   self- 
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ubrio&ting  buehJngB  deeinible,  and  thtj  are  generally  awd.  Their 
ise,  however,  does  not  mean  that  little  attention  is  required.  The 
'iirriage  and  hoisting  rope  eHpecially  should  be  carefully  e-iamined 
lailv,  for.  while  the  apparatus  is  seldom  used  to  transport  men, 
-.be   load   is  generallr   conveyed   above  tbem. 

Towera.  Either  tower  may  be  fl.ted  or  movable.  When  both 
a.re  movable  the  tracks  must  be  parallel.  The  parallel  track  ar- 
rangement was  used  extensively  in  the  «zcavatiiig  of  the  Chicago 
drainage  canal.  A  eoBunon  arrangement  is  the  radial  cableway, 
where  one  tower  is  fixed  and  the  other  movable. 

Movable  towers  are  usually  mounted  on  standard  railroad 
irheela.  The  track  couists  of  six  or  se^-en  linea  of  rails,  and  rail- 
braces  should  be  used  plentifully.  Power  for  moving  the  tower 
may  be  obtained  from  the  winch-head  on  the  cableway  engine,  or, 
if  the  tower  must  be  moved  often,  a  special  engine  is  provided. 
Movement  is  accomplitihed  by  block  and  tackle  between  the  engine 
and  anchorage  at  either  end  of  the  track.  Considerable  power  is 
necessary  <hi  account  of  the  large  anroiut  of  friction  betwe^ 
flanges  of  wheels  and  rails. 

For  low  towers  in  fixed  positions  the  "  A  "  frame  is  commonly 
used,  but  the  head  tower  should  not  be  so  low,  or  the  engine 
BO  close  to  it,  that  the  fleet  angle'  of  the  ropes  becomes  excessive. 
In  some  cases,  especially  in  incline  cableways,  the  tail  tower 
may  be  dispensed  with  and  a.  rock  anchorage  substituted.  High 
towers  are  common  where  height  is  desired  for  disposal  of  ma- 
terial beneath  the  cable,  and  in  very  low  spans  where  the  deflec- 
tion of  the  caMe  is  neceenarvly  large.  They  are  usually  con- 
structed of  wood,  for  the  reason  that  the  cost  is  less  and  in  most 
cases  they  will  last  as  long  as  the  cableway  is  required.  The 
base  of  the  tower  is  usually  from  one-third  to  one-balf  ttie  height. 
^tcel  masts  are  BometimeH  used  for  tail  towers.  They  require  at 
least  three  strong  and  well  anchored  guy  lines.  Hie  base  has  a 
l)aU  and  socket  joint  of  steel  castings,  and  the  customary  wood 
saddle  is  bolted  to  the  top  for  the  main  cable. 

ilain  Cable.  The  essential  features  of  the  main  cable  ai% 
strength,  Hshtncss,  flexibility,  and  a  surface  which  will  not  only 
receive  the  least  wear  but  impart  the  least  wear  to  the  sheaves 
rolling  upon  it.  The  standard  hoisting  rope  is  objectionable  from 
the  standpoint  last  mentioned.  Though  less  flexible  -than  the 
hoisting  rope,  the  lockcd-wirc  rope  is  generally  used  for  the  reason 
that  the  other  qualities  are  possessed  to  a  much  greatei*  degree. 
Fig.  85  shows  the  socket  used  on  the  locked-wire  rope.  There 
are  six  wedge  segments  in  each  cone,  with  the  exception  of  the 
smallest,  which  contains  four. 
Means  are   provided   for  taking  up  the  main  cable   when   the 
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deflection  hag  become  excessive,  due  to  atretcliiDg.  In  short  spam 
a  turnbuckle  is  inserted  in  the  gling  which  passes  around  the  an- 
chorage and  thence  through  a  aheave  attached  to  tlie  end  of 
the  cahle.  For  long  spans,  special  double  or  triple  ^cave  btoclt^ 
are  used,  reeved  with  wire  rope.  The  take-up  is  usually  locAted 
at  the  head  tower  end  ho  that  the  engine  maj'  be  utilized  when 
taking  up  la  neceesarj'. 


Fig.  as.     Step  Socket  for  Main  Cable. 

Anchorages.  The  tension  of  the  maJa  cable  is  usually  from  five 
to  six  times  the  load,  depending  upon  the  dellection.  Anchorages 
secure  beyond  all  possible  doubt,  are  easential,  as  their  failure 
would  prove  disastrous  to  the  cablewaj  and  imperil  the  lives  of 
men.     Sinoe   it   is  imposaible   to  calculate   the  resistance   offered 


Fig.  eo.     Concrete  Anchorage  for  Main  Cable. 

by  the  earth  to  a  buried  anchorage,  it  is  usual  to  find  a  much 
stronger  anchorage  than  is  necessary.  The  usual  form  for  mod- 
erate tensions  —  say  up  to  30  tond~~is  a  well  tarred  oak  log 
about  19  in.  in  diameter  and  16  ft.  long,  buried  to  a  depth  of  8  or 
10  ft.  If  longer  life  is  desired,  or  if  the  tension  is  greater,  a,  con- 
crete anchorage  may  be  substituted.  A  form  which  has  been  suc- 
cessfully used  LB  shown  in  Fig.  6C. 
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A  CoaiUiiK  Cfttleway.  This  is  a.  simple  device  of  the  nature 
•t  t^  cablewi^  in  which  a  line,  starting  at  k  point  about  -on  a 
evel  with  the  base  of  a  pile  driver  or  derrick  is  run  over  a 
.heave  on  the  top  of  the  leads  or  maat  and  down  to  the  engine 
Irum.  A  snatch  block  travele  on  thia  cable.  A  tag  rope  is 
astened  to  thia  block  and  may  be  controlled  hy  snubbing  around 


Fig.  87,    Coasting  Conveyor. 

i  post  or  a  winch  or  drum  on  the  engine.  Heavy  loads  can  be 
moved  easily  by  raising  or  lowering  one  or  both  of  the  lines,  as 
illnitrated  in  Fig.  67. 

The  author  has  used  this  device  on  a  small  job  for  handling 
heavy  timbers  and  pile  caps.  A  floating  derrick  was  utilized  for 
the  same  purpose  in  the  construction  of  the  pile  foundation  for  a 
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large  sewer  in  New  York  (see  Trani.  Am.  8oc.  C.  B,  Vol.  31,  p. 
6T3).    It  may  be  adapted  for  moving  earth. 

Parker  and  Flynn  used  en  inexpensive  cableway  for  construct- 
ing concrete  piers  at  Northumberland,  New  York.  This  device 
was  illustrated  by  ihem  in  Engineering  Neie»,  June  20,  1902.  It 
consisted  of  a  55'ft.  guy  derrick,  without  boom,  placed  near  the 
edge  of  the  bank  at  the  side  of  the  river,  and  a  two-legged  bent 
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placed  in  tlie  middle  of  the  river.  The  cable  was  of  \in.  »Ut 
und  was  stretclied  from  a  dead  man  on  the  aliorc  about  150  fL 
ba<'k  of  the  derrick,  past  and  just  croesing  the  derriek  ti>  lliti 
bent.  Under  Ihe  top  of  the  bent  at  the  end  of  this  cable  hunf' 
two  weights  whk'li  consieled  of  scale  pans  loaded  with  concrete. 
In  passing  over  the  bent  the  cabteway  was  carried  <hi  a  16-in. 
block.  The  boom  tall  of  the  derrick  was  then  hooked  onto  llifj 
cable  at  the  foot  of  the  mast.  The  carriage  on  the  cable  «ti-| 
tiiatcd  of  two  IQ-in.  cable-slieavea  with  iron  straps,  forminj;  ai 
triangle,  and  carrying  a  chain  on  which  the  bucket  was  hookeil. 
In  operation  the  bucket  was  hooked  to  the  carrier  on  shore.  a| 
single  drum,  hoisting  engine  wound  up  the  boom  fall  and  the  cahle 
wnn  hoisted  until  it  had  a  pitch  down  toward  the  river  of  18  or 
20  ft.  in  the  span  of  450  ft.     The  loadetl  bucket  travelled  under 


Fig.   Itn.     Cableway  in  Which  Sag  in  Cable  is  Practically   Done 
Away  with  by  Oscillating  Tdwers. 

gravity  away  from  the  shore.  After  the  bucket  had  been  diimp^ii 
the  boom  fall  was  lowered  until  the  oableway  had  a  reverseJ 
pitch  of  18  or  2D  ft.,  when  the  empty  backet  returned  to  the  shorr 

The  speed  of  the  bucket  was  governed  by  the  slope  of  the  cable- 
^Yhen  the  cable  was  at  its  extreme  grade  the  bucket  would  run 
from  the  platform  to  the  bent  a  distance  of  460  ft.  in  35  second: 
and  return  in  aliout  the  same  time.  This  device  might  be  em- 
ployed for  earth  excavation. 

A  Balanced  Cable  Crane.  Engineering  and  Contmciing,  Nov. 
13,  1907,  gives  the  following:  This  cableway  waa  installed  at  i. 
coal  storage  plant  at  Watertown,  N.  Y.  It  is  equipped  with 
electric  motors  not  only  on  the  trolley  or  carriage,  but  alao  on 
each  of  the  oBcillating  towers.  In  this  manner  each  tower  csn 
lie  propelled  along  the  single  rail  track.     It  i»  i 
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he  two  towers  moTe  BimultaneouBl]r.  Indeed,  one  tower  cui 
ravel  25  ft.  without  moving  the  other  tower.  The  towers  have  • 
raveling  speed  of  43  ft.  per  min.,  wlten  it  is  desired  to  ihift  them. 

The  electric  load  carriage,  or  trolkej,  handles  a  3-cu.  yd.  clain- 
bell  bucket,  and  has  a  traveling;  speed  of  1^00  ft.  per  min.  and  a 
oisting  speed  of  BO  ft.  per  min.,  with  a  60-fap.  motor. 

It  is  interesting  to  note  that  thia  cableway  as  built  commands 
liout  9,0D0  cu.  yd.  of  material  per  ft.  of  depth.  It  might  easily 
e  economical  equipment  to  use  on  an  excavating  job. 

A  Combination  Cableway  and  Derrick.  Engitteering  aitd  Con-- 
racling,  Feb.  24,  100ft,  gives  the  following: 

To-day  the  use  of  eablewaya  for  building  aewers  is  rapidly  in- 
rcHMing,  as  is  also  the  use  of  portable  derricks.  With  both  ma- 
hines  good  work  can  be  done  both  in  excavating  the  trench  and 
n  placing  materials  in-  the  construction  of  the  sewers.  On  this 
lags  we  illustrate  a  combination  cableway  and  derrick  designed 
or  spans  up   to  500  ft.,  that  promises  to  lind  a  great  field  of 


Fig.  TO,     Combination  Cableway  and  Derrick. 

laefulness  in  not  only  building  sewers  but  in  manj'  other  classes 
if  construction. 

The  general  plan  is  extremely  simple.  The  derrick  is  built  on 
k  car  with  a  hoiating  Engine  and  boiler.  .  Over  the  A  frame 
or  the  derrick  ia  erected  a  head  tower  for  the  cableway.  A  tail 
avier  is  erected  at  the  other  end  of  the  work  and  the  cableway 
strung  and  anchored  to  dead  men  as  shown.  In  moving  the  cable- 
fny,  only  the  tail  tower  need  be  taken  down. 

It  is  possible  to  use  both  the  derrick  and  cableway  at  the  same 
:ime,  or  work  can  be  carried  on  with  either.  This  arrangement 
neans  a  saving  in  time  in  cairying  on  work.  This  design  was 
gotten  up  by  the  New  York  Cableway  &  Engineering  Co.,  2  Rector 
•It.,  New  York. 

Life  of  Kaln  Cable.  A  %-in.  wire  cable  used  on  an  incline  on 
the  Chicago  Main  Drainage  Canal  lasted  from  100  to  160  days, 
luring  which  time  it  made  from  30,000  to  50,000  trips,  carrying 
from  60.000  to  80*00  cu.  yd.  of  solid  rock.  Assuming  th»  rock 
to  weigh  4,S00  lb.  per  cu.  yd.  the  life  of  the  cable  was  from  108,000 
to  172,000  tons. 

A  Telpher  ftritem.     Engintering  am€b  (JtrUrWHing,  Oct.  18,  1916, 
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describes  a  method  ol  dispoaing  of  subway  excavation  in  Nei 
Yorit  City,  by  telpherage. 

The  power  for  hoisting  and  trolleytng  was  famished  by  •■ 
SO-hp.  250-volb  direct  current  raotor.  A  Lidgerwood  2-dniin 
boist  was  used  for  hoisting  and  trolleying.  The  car  was  a  hom^ 
made  affair,  composed  of  tour  etandard  cast  iron  wheels  8-in.  in 
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Fig.  71.     Arrangement  of  Cables  for  Telpher  System. 

diameter,  which  run  on  two  l8-in.  I-beams.  These  wheels  sup' 
ported  two  standard  cast  iron  sheaves,  IC-in.  in  diameter,  throngli 
which  the  hoisting  cable  ran.  The  cables  were  arranged  as  shown 
in  Fig.  71.  Steel  buckets  and  skips  were  used  for  handling  mi- 
terial,  the  former  holding  about  1  yd.,  the  tha  latter  2  yd.  of  ma- 


Fig.  72.    Skip  Dumping  Device  for  CaUeways. 
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A  Skip  Dnraplns  Dcrtoe.  This  was  developed  in  conneotion 
with  the  Ashokan  RcBervoir  work  of  the  Catakil!  Aqueduct  and 
IB  deacribed  in  Engineering  and  Contracting,  Nov.  6,  1910.  The 
cableway  uaed  was  of  the  Lid^'erwood  type  and-waa  equipped  with 
Locher  akip  dumping  mechanism. 

As  Bfaown  in  Fig,  72  the  dump  line  and  the  hoisting  rope  are 
wound  on  the  aame  drum  C  in  the  cableway  tower  and  all  their 
motions  coincide.  The  dump  rope,  at  the  toiwer,  runs  down 
through  a  tall  block  A,  then  up  over  the  sheave  B,  and  thence  to 
the  main  drum  C.  By  pulling  down  the  fall  block  A,  which  ie 
suspended  in  the  loop  of  the  dump  line,  this  line  ie  shortened, 
lifts  the  rear  of  the  skip  and  thus  dumps  it.  It  is  the  method 
of  pulling  down  this  fall  block  which  is  novel.  The  old  method 
was  by  a  cable  which  wound  upon  a  small  drum.  This  method 
worked  well,  but  was  slow.  The  new  method  consists  in  pull- 
ing down  the  fall  block  by  means  of  a  cable  which  is  fas- 
tened to  the  block  and  passes  from  there  through  a  stationary 
eheave  D  directly  below,  thence  through  a  sheave  E  fastened  to  the 
end  of  a  piston  rod,  operated  by  a  compressed  air  cylinder  about 
12  X  72  in.  in  size  and  thence  back  to  a  stationary  anchorage 
F  on  one  of  the  heavy  timbers  of  the  tower.  By  passing  the  cable 
through  the  sheave  E  on  the  end  of  the  piston  the  distance  through 
which  the  piston  acts  is  only  one-half  the  distance  through  which 
the  fall  block  is  moved.  The  piston  is  operated  by  compressed 
air  which   is  used  for  operating  all   the  machines  in  the  work. 

CABLEWAY  DATA 

Height 
Location  Span       lower         Eneios  Remarki 

in  ft.        in  ft.    eylindBra— hp.       Cost 
Rachester,  N.  T...      630  50     2~8<4xl0in.  30        ....    2  csbleware  «)  ft. 

Sodom  Dum.  N.  Y.      SBt  |  3,8)0    2  in.  cable 

CarsDD  lablBway  on  Hi  in.  cgble;  load 

Ireuch  work 200-300     20-36    a^7ilOin.  ....        5,000    lb.:    speed 

440  ft.   uer   rein. 
Chicago    canal 550-TZB     7J-93    3-10k12  In,  60     $14,000    Coat      of      oaVoa, 

etc..  complete. 
Concrete    work....      800  45         |  4,T60    For      handling      1 

yd.   backflt. 
Average   oaUewar.      809  ...      Z-Uil2  t  «,6O0    For    E    ton     load. 


Concrelo    cableway 
Dam   No.   4.    Ohio 


$1,600   I 


docs  not  include 
bollera  and  to«- 

HolyiAo    Dam 1816         SMOO  60         ....    2 '"cable. 
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Harlne,  Eock-Traiiiporttnc  Cableway.  The  following  nolct 
appeared  in  £^n<7t«eerin^  Kews,  Dec,  8,  1910. 

The  problem  wna  to  excavate  into  a  solid  hlH  of  granite  ai. ' 
to  load  this  stone  on  barges  wliich,  on  account  of  the  aboBls, 
could  not  anchor  nearer  than  600  ft,  to  shore.  For  the  work,  the 
contractors,  Meaers.  J'rawr  &  Chalmers,  Ltd.,  of  London,  Eiig 
land,  called  in  the  Lidgerwood  Mfg.  Co->  of  New  York,  and 
this  firm  designed  and  built  the  plant  described  herein.  The 
tranHporting   plant   consists   of   a   eo-called   *'  quarrif   cableway," 
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Fig.    73.     Layout    of    Rock    Transporting    Plant   on 
Island   of   Kalagouk,   Bay   of   Bengal. 


paralleling  the  rock  face,  and  a  "  marine  cableway,"  crossing  tM 
former  at  right  angles  and  reaching  to  a  fixed  tower  alongsidf 
of  which  the  transporting  barges  anchor.  The  quarry  cahiewa; 
consists  of  a  fixed  pivotal  head  tower  85  ft.  high  and  a  traveling 
tail  tower  74  ft.  high,  moving  on  radial  tracks  through  a  4S' 
are.  The  cable  is  840  ft.  long,  and  the  diatance  between  toiveri 
is  757  It.  7  in.  The  marine  cableway  has  a  30-ft.  head  tower  and 
a  cable  extending  58.)  ft.  out  into  the  sea  to  a  e4-ft.  tail  t<i«rt 
built  on  piling  driven  into  the  soft  bottom.  These  marine  towen, 
were  built  on  the  "  duplex "  plan  so  that  it  necessary  a  secoml 
parallel  cableway  migtit  be  added  if  required.    Both  cables  M 
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controlled  from  a  ateom  boiler  plant,  shown  on  the  drawing,  from 
ilipir  head  towers  on  shore  near  the  plant. 

In  operation  the  broken  rock  iti  loaded  by  hand  labor  on  the 
open  Nkip  traveling  on  the  quarry  cableway.  The  skip  IB  then 
pulled  in  towards  the  head  tower  and  dropped  immediately  under 
the  marine  cableway,  where  it  is  picked  up  by  the  carriage  and 


Fig.  74.     Head  Tower  of  the  Quarry  Cableway. 

{Sbawing  tbe  skip  on  the  quart';  line  and  the  dumping  cBFTiB»  on  the 

marine  line  at  tight  angles  to  it.) 

wung  out  on  the  niaiine  cableway  to  the  barge.*  These  skips 
neasure  8X8X2  ft.  and  carry  approximately  5%  tons,  with 
arh  load.  The  carriage  speed  upon  the  cables  is  1,000  to  1,200 
t.  per  min.,  and  the  hoisting  speed  is  200  ft.  per  min.  The 
nain  cables  are  of  locked  wire  rope  2^  in.  in  diameter. 

Vig.  74  shows  the  head  tower  of  the  quarry  cableway  with 
he  boiler  house  in  the  background.     Crossing  at  right  angles  to 
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the  cablewaf  from  this  head  tower  may  be  seen  the  marine  cable- 
way  with  iU  traveling  carriage  in  air.  Fig.  75  shows  the  tower 
at  tlie  odean  end  of  the  marine  cableway.  It  was  nec-easarj  to 
have  at  least  20  ft.  of  water  here,  and  as  there  is  a  20-ft. 
tide  the  base  of  the  tower  proper  had  to  be  at  least  40  ft.  above 


Y\g.  73.     Barge  Loading  Rock  at  the  Tail  Tower  of  the  Marine 

Cablewaj. 

bottom.  The  additional  13  ft.  to  the  tower  deck,  in  order  to  olpar 
the  deck  of  the  barge,  makes  a  very  high  structure,  which  had 
to  be  thoroughly  interbraced.  It  will  be  noted  that  the  h«wl 
piece  is  provided  in  duplicate,  in  case  additional  service  i^  i^| 
quired. 


l;.  GOO(^l(J 


SECTION  18 


DonUe  Bide  Steel  IHinp  Cars.    A  make  of  c 

ost  as  follows:      (Fig.  76) 


A  cradle  double-side  Bteel  dump  car  having  a.  capacity  of  3lt 
II.  ft.,  weighs  about  1,200  lb.  and  costs  $165  f.  o.  b.  Pennsylvania. 
A  rocker  double  side  steel  dump  car  of  2  cu.  yd.  capacity,  38-in. 


Fig.  70. 

gauge,   weighs   approiimately   2,400   }h.   and   costs   $290   f.  0.   b. 
Pennsylvania 

Another  make  of  double  side  rocker  dump  cars  is  as  follows: 

0>p*cit7                          Approximate  Frici' 

in  cu.  n.                          weight  in  ih.  f.  o.  b.  CieFeUnd 

IS                                        TIO  t  90 
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A  make  of  rocker  dump  cars  equipped  with  end  lock  that  irill 
Automatically  lock  itself  in  tliree  poeitiooB,  and  with  roller 
itearingB,  costs  as  follows;  (Brakes  can  be  furnished  if  desired 
at  an  extra  cost.) 


In  excavating  a  bank  of  hardpan  with  a  14-ft.  face  i 
the  following  equipment  and  men  were  used; 


1,SOO  ft.  of  aOlb.  TBil  and  pUte 
m  tie",  6-ii'r°aprncV  6w"ft.1^ 

it:. 

=  800  (t.  01 

trsck 

--    — 

t     36.50 

The  earth,  which  was  extremely  hard,  was  undermined  and 
pried  down  with  picks  and  bars,  and  loaded  into  a  train  of  siv ' 
cat's.  The  whole  gang  then  started  the  train,  which  ran  down 
the  i%  grade  to  the  dump  by  gravity.  After  being  dumped,  it  I 
was  hauled  back  by  one  horse.  Thirty-three  trains  or  198  cars, 
well  loaded,  per  day,  waa  the  output.  A  car  was  found  to  contain 
about  1  cubic  yard  of  earth  place  measure.  This  gives  a  labor  I 
cost  of  about  18.5  cents  per  cubic  yard.  About  $1.75  per  dav  I 
was  spent  on  repairs  to  the  equipment.  I 


Tdil     ,.  W1.40 

The  earth  was  of  hardpan  and  Band  and  the  cut  ranged  from 
I  to  15  feet.  The  fill  was  about  9  feet  in  height.  The  average 
laul  was  800  feet.  Thirteen  hundred  feet  of  track  was  laid  at 
I  rost  of  t75.  The  average  dail;  output  was  330  care,  or  yards, 
naking  a  labor  coat  of  about  10  cents  per  yard. 


■  Fig.  77. 

Cars  eimilar  to  these  were  loaded  by  a  30-ton  traction  shovel 
jr  10  cents  (contract)  per  yard,  and  dumped  and  hauled  back 
y  horsefl  for  7  cents  per  yard,  average  length  of  haul  1.500  feet. 
■he  repairs  on  cars  were  very  high,  amounting  to  about  4  cents 

rwo-wa7  aide  dump  cars  similar  to  the  one  shown  in  Fig. 
7,  without  brakes,  cost   as  follows; 
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A  make  ol  two  way  eide  diuup  cara  cost  as  followB: 

'     OspacltT  Approiimat*  Price 

■  in  CO.  yd.  weight  in  lb.  f ,  o.  b.  Anror 


10  H,500  1,187 

The  above  cars  with  the  exception  of  the  10-yd.  size  ai*' 
fitted  with  air  brakes.  All  these  cars  have  wood  beds  and  ire- 
dumped  by  air.  The  gauge  is  standard.  These  cars  are  all  of 
standard  constructiOD  and  are  built  to  the  requiremente  of  tbe 
Interstate    Commerce    Commission, 

An  8-yd.  dump  car  fitted  with  air  brakes  and  dumped  by  hanJ 
weighs  17,300  lb.  and  costs  $1,549.  36-in.  gauge.  This  car  my 
also  be  had  with  air  dumping  device. 

Smaller  dump  cars  of  the  same  make  without  brakes  and  tr- 
ranged  to  dump  by  band  cost  aa  follows; 

Capicily  _Q«iige  ApprOKimate  Price       , 


1  24  1700  1G7 

>A  IS  1000  113 

The  above  cara  are  of  standard  construction  and  are  flttel. 
with  wood  beds.  They  may  also  be  had  with  steel  beds.  -1| 
foot  brake  is  fitted  without  extra  charge  to  every  fourth  Mf 
when  ordered.     Additional  brakes  are  charged  for  ejctra.  ' 

Bottom  Dump  Can.  A  12-cu.  yd.  bottom  dump  car  with  mI 
bed,  of  standard  construction,  standard  gauge,  weight  about 
18,000  lb.,  without  brakes  and  arranged  to  dump  by  band,  cosl' 
$1,794  f.  o.  b.  factory.     This  car  may  also  be  had  with  air  braki*' 

A  similar  car  with  a  capacity  of  0  eii.  yd.  weighs  9,400  lb.  and 
costs  $903. 

These  cars  are  useful  for  ballasting  purposes,  either  on  electric 
or  steam  railroads,  for  filling  in  trestles,  hauling  cinders,  cosl. 
gravel,  crushed  stone,  etc. 

Standard  platfonn  can  with  four  wheels  having  frames  <>l 
steel  and  platforms  of  wood  cost  as  follows:      (Fi^.,^78.) 


CARS 

ApproxiniHt^ 
virlgM  in  lb. 


In  the  above  table  tbe  cars  priced  at  $65  have  platforms  5  ft. 
bv  36  in.,  those  priced  at  $75,  have  platforms  8  ft.  by  48  in.  and 
tlie  one  at  $95,  8  ft.  by  80  in. 


Platform  cars  of  anothi-r  make  cost  aa  follows: 

Steel-  Tops  or  Wood  Tops 
Cap««ilj  Gbum  Ni't  weight 

114  «  <«! 

s  36  lies 

Flat  cars  of  still  another  make  cost  an  follows: 


138        HANDBOOK  OF  CONSTRUCTION  EQUIPMENT 

Capseity  QBuge  Appt^MilinBto  Price 

Inon.n.  iuincbes  weight  in  lb.  ^o.  b.  I 


Fig.  70.     Revolving  Dump  Car, 


Rotary  dump  cars,  self-dumping,  provided  with  automatic  lock-i 

ing  device  whieli  prevents  dumping  and  rotation  while  the  car  i.  ' 
being  moved,  come  in  the  following  sizes : 


ss„ 


a     en.  jrd.  36  31S0  G2E 

Oable  1)Ottoai  cars,  designed  for  use  in  minea  and  quarries 
have  bottom  sheets  witli  steep  angle  of  slope  which  insure: 
complete  and  rapid  discharge.  Locking  levers  prevent  dumpinif 
when  car  is  in  motion.  Equipped  with  roller  bearings,  brake* 
fitted  if  desired. 


54  30  2K9  31S 

Skip  Car.  This  car  is  designed  to  be  used  as  Sh  automatic 
dumping  shuttle  car  between  the  point  where  the  materials  are 
delivered  on  the  job  and  the  storage  bin.  The  rear  wheela  are 
raEit  with  a  stepped  tread  for  carrying  this  end  of  the  car  up 
Ihe  discliarge  rail  for  automatic  dumping. 

CapBcitr  Gauge  Gauge  Net  weight                 Price 

in  ca.  jA-  inner  track  outer  tracb  in  pounds  f,  0^  b.  factory 

U  3S  .       K                         Sll)                        tlTO 

I  4S  5«                        1196                          217 

lli  6S  M                        1130                          235 

ComparatlTe  Cost  of  Handling  Earth  on  Tlat  and  Air  Damp 
Cars.  The  following  appeared  in  liailway  Age  Oazelfe,  June  18, 
1915: 

In  excavating  for  the  new  passenger  terminal  and  belt  line  at 
Kansas  City  it  was  necessary  to  remove  over  2,000,000  cu.  yd. 
of  earth  and  'rock.  This  material  was  handled  on  flat  cars  and 
on  12-yd.  Western  air  dump  cars.  For  two  months,  the  cost  of 
handling  material  with  these  two  types  of  equipment  was  care- 
fully compiled.  The  conditions  under  which  the  two  kinds  of 
pquipment  were  employed  were  very  similar,  the  material  in  each 
rase  consisting  of  at  least  75%  solid  rock.  If  conditions  favored 
pLtber  type  of  equipment,  the  advantage  was  with  the  flat  cars  as 
the  interference  with  trallic  was  greater  at  the  dump  when  the 
air  damp  cars  were  used. 

The  following  tabulation  gives  the  relative  cost  of  operation 
for  the  two  months: 


E;fe..j-.-,id 

First  Month 

F 
....|0 

■ts 
1821 
1274 

D 

to 

1236 
0067 
)0S7 

L-bor  on  track 

ToUl  per  eu.  j 

C«.  repairs..... 
Engine  Kmice   . 
Lidgewood  and 

— 

06»S 
0748 
ODU 

^0.1132 

J0.0070 
.0241 
.0080 

irmen 

Second  Month 

....  (0 
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Labor  on  cm  0337  .0077 

L«bor  on  track   0926  .0510 

Eat    and  super 0038  ,0050 

MisctUaneouB    0063  .0043 

Total  per  cu,  yd tO.2852       »0,U33 

It  will  be  noticed  froni  the  above  that  there  waa  coDBiderablc 
ditTerence  in  the  cost  of  car  repairs.  In  justice  to  the  flat  cars 
it  should  be  said  that  the  repairs  shown  for  these  two  monthti 
exceeded  the  average  cost  up  to  that  time  b;  approximntely  1  ^  . 
ct.  per  cu.  yd.  The  flat  cars  were  of  wooden  construction  with 
capacities  of  60,000  lb  and  80,000  lb,  and  bad  been  in  constant 
service  for  IS  months  at  the  time  this  information  wsh  coUectcd. 
The  dump  earn  were  of  steel  frame_  construction,  of  80,O0O-Ib. 
capacity  and  had  been  in  service  fii'e  months. 

The  cost  of  engine  service  includes  the  rental  of  the  engines 
and  the  pay  of  the  crews  from  the  time  of  their  arrival  to  the 
time  of  the  departure  of  the  trains  at  the  dump,  A  sulBeient 
track  forte  was  always  maintained  to  assure  no  delays  to  the 
trains  waiting  for  the  dump  tracks  to  be  put  into  condition. 
During  the  two  months  under  consideration  tlie  unloading  was 
done  in  yards  exclusively,  and  for  tbiH  reason  the  cost  of  engine 
service  was  not  as  great  as  later  when  the  material  waa  un- 
loaded on  the  main  tracks,  wiiich  carried  a  traOic  of  approxi- 
mately 150  trains  per  day  in  addition  to  many  switching  move- 
ments. Very  litle  unloading  was  done  on  the  main  tracks  by  | 
means  of  a  Lidgerwood  engine  and  plow  because  of  the  dan'rcr 
of  delays  both  to  the  conntruction  trains  and  to  tralllc.  On  the 
other  hand  trains  o(  dump  cars  were  frequently  sent  out  to 
unload  a  few  minutes  ahead  of  passenger  trains  with  only  slight  | 
danger  of  delaying  them.  | 

The  third  item  of  coat,  that  of  Lidgerwood  and  airmen,  arose 
from  the  fact  that  it  was  found  desirable  to  have  a  mechanic 
operate  the  Lidgerwood  to  reduce  delays  and  for  the  same 
reason  to  have  a  mechanic  with  the  air  dump  cars.  In  addition 
to  taking  care  of  the  air  valves  and  pipes,  this  man  also  made 
light  repairs  on  the  cars.  The  expense  for  labor  on  the  cara  was 
much  greater  on  flat  than  on  dump  cars,  especially  during  the 
winter  months,  as  would  be  expected  because  of  the  dilliculty  ' 
of  Iceeping  the  car  floors  and  aprons  clean  to  prevent  dirt  from 
accumulating  and  freezing. 

The  cost  of  track  labor  was  dependent  more  on  the  height  of 
the  fill  and  other  conditions  than  on  the  type  of  equipment  uaed 
Where  it  was  practicable  to  use  only  one  track  a  saving  in  track 
laljor  was  effected  by  the  use  of  the  dump  cars  as  they  could  be 
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unloaded  more  quickly  and  thereby  caui 
laborers.  Where  two  dumping  tracks  v 
ence  did  not  exist. 

While  the  last  two  items  in  the  tabulation  do  not  depend  on 
tbe  type  of  equipment  used,  it  waa  found  that  more  emergencies 
aroee  from  the  une  of  flat  cars  with  Lidgerwood  unloadera  and 
plows  than  from  the  use  of  dump  cars.  Also,  it  wbs  found  pos- 
aible  to  unload  at  the  end  of  a  spur  track  on  a  fill  successfully 
with  dump  cars,  while  this  could  not  be  done  with  flat  cars  and 
plows  since  the  blow  at  the  end  of  the  train  occupied  a  space  of 
at  least  20  ft. 

Cabs  Ubbd  is  Concrbte  Plant 
Radial  Qate  Hopper  Car  used  for  the  distribution  of  concrete: 

Caps  city  ApproiliUBts  Prtct 

in  cu.  (t,  weighi  in  pounds  f,  0,  b.  Clovelsnd 


Controllable  Bottom  Dump  Car,  mounted  on  a  skeleton  truck 
for  placing  concrete  in  forms  where  a  narrow  controllable  bottom 
discharge  is  needed; 


Side  and  End  Dnmp  Hopper  Cars.  These  discharge  through 
controllable  radial  gates  of  a  stie  to  empty  the  cara  quickly  and 
to  handle  any  aggregates  generally  used  in  conatruction  work. 
The  gatea  are  practically  grout  tight  for  concrete. 

SiDi!  Dump  Hoppeb  Cabs 


c.  Google 
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End  Dump  Hoppeb  Cabs 


The  gau)ce)<  for  theee  cars  arc  the  same  as  for  the  side  dump. 

Side  Dump  Bucket  Can.  This  car  differs  from  the  hopper  car 
in  that  the  ends  of  the  bucket  are  vertical,  the  length  of  the 
gate  being  the  full  width  of  the  bucket.  The  longer  gate  is  het- 
ter  in  placing  concrete  which  ia  somewhat  atifl,  and  in  handling 
aggregates,  earth,  etc.  The  gate  is  of  the  radial  type  and  is  made 
grout  tight  for  concrete. 

Ospacily, 
weli-oncrele  Net  weight  Price 


Fig.  80.     Hand  Car. 

Inspeetfon   and   Hand   Can.     Insprction   car   having   platform 

6  ft.  long  by  4  ft,  5  in  wide,  with  seat  for  passengers  and 
furnished  with  cither  single  or  double  end  lever,  and  hand  brake 
in  front  of  seat  tc)  be  operated  by  passengers,  weighs  approxi- 
mately 500  lb.  and  is  priced  at  $S0  t.  o.  b.  manufacturers'  works. 
Hand  car,  standard  gauge,  with  platform  C  ft.  long  by  4  ft,  5 
in.   wide   weighing  about   575   lb.   for   shipment,   costs   $52.    One 
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with  platform  8  ft.  long  by  5  ft.  8  in,  wide  weighing  about  770 

lb  for  shipment  costs  $74. 

Ordeiiag.     In   orderiD^;  cars  or   making   inquiries   from   manu- 

fni^turers  the  following  pointa  should  be  noted. 

Ga.\ige  of  track. 

Weiifht  of  rail  on  which  cars  rmi. 

ftadiuB  and  length  of  aharpeet  curve. 

Styh  of  car  (give  number  of  catalog  cut  nearest  to  your  require- 

menta) . 
Material  to  be  handled  and  its  weight  per  cubic  foot. 
Capacity  of  car  in  tons  or  cubic  feet, 
C'ive  dinenEJonH  of  car,  if  poBaible. 
Any  limitatiODB  as  to  height,  length  or  width. 
Style  of  coupling  and  drawbar. 
Distance  from  top  of  rail  to  center  of  drawbai-. 
Method   of  operation  —  hand,  animali,   Bteam  or  electricity, 
Whether  to  bo  used  eingiy  or  in  trains. 
-Vumber  cars  to  a  train. 
Diameter  of   wheels   and   axles  already   in   use,   if   new -cars  are 

to  be  used  with  old  ones. 
Style  of  axle  boxes,  if  inside  or  outside,  roller  bearings,  etc.,  :f 

with  or   without  springs. 
Any  other  pointa  to  be  considered, 

Bepreciation  and  Repairs,  The  following  tables  give  the 
ori;(Lnal  coat  and  average  repairs  per  month  on  about  22,000  cars 
on  a  large  railroad  system.  I  am  indebted  to  Mr,  J.  Krutt- 
41'hnLtt  for  the  data  from  which  it  has  been  compiled. 

Steel  or  Steel  Underframe  Cabs 


Tn«  of  ear 

COM 

4eo 

2.3D4 

'm 

6.M7 
278 

iaK'hio) 

(6.17 

as,, 

j8^.g 

J« 

MS.*) 

a-'^.-r."- 

1.2I0-IXI 

ano.o» 

3.1fi 

Wooden  Cass 

450,00 
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The  average  cost  of  repairs  on  steel  underfranie  cars  was 
$2.79  and  on  wooden  cara  S4.n4  per  month. 

Reports  from  various  railroads  indicate  that  the  aveEage  cost 
of  repairH  of  wooden  cars  varies  from  $35  to  $85  per  car  pei 
year,  and  of  steel  or  steel  uiiderframe  cars  varies  from  $9  t<i 
$10  per  car  per  year.  The  average  life  of  a  wooden  car  is  about 
13  years,  and  of  steel  cars  alxiut  25  years. 

The  cost  of  repairs  on  cars  per  year  in  percentage  of  the 
original  coat  is  as  follows: 

Btml  Wood 

Tjpe  cara  care 

%  % 

BsllMt     7.«  B,76 

Boi     1.7  10.7 

Cofll    C.2  g.l 

Dump    S.S 

ri«     1.5  2a 

Furniture    5.1  16.8 

OondolB  01  ore   ,. ,    3.1 

Oil    6,75  8.7 

Slocli    1.3  9.S 

In  the  Railroad  Qazette,  October  11,  l!t07;  Mr.  William  Mahl, 
comptroller  of  the  Union  Pacific  and  Southern  Pacific  railways, 
gives  Bome  valuable  data  as  to  the  life  of  equipment  on  the 
Southern  Pacific  Railway, 

The  following  are  averages  for  the  period  of  six  years,  19(B 
to  1907,  the  costs  being  the  average  cost  per  year. 

OlsBB                                       ssrrlcesble  Repniis  Vacated 

Locomotives     1.EI0  t3,ies                     tl83 

PttSkrngflr   cars    ,    l.'M  759                      104 

rreight  cars    42.SS3  70                        17 

In  "repairs"  are  included  the  annual  expenditure  for  repairs  ' 
and  renewals  of  each  locomotive  or  car,  other  than  the  expendi- 
ture for  equipment  "  vacated."     In  "  vacated  "  is  included  the  cost  . 
of    equipment    destroyed,    condemned    and    dismantled,    sold    or  I 
changed  to  another  class.  I 

From  1891  to  1807,  a  period  of  17  years,  the  average  number  j 

of  freight  cars  "  vacated  "  each   year  was  3.G3   per  cent  of  the  i 

total  number  in  service.     Dividing  100  by  this  3.A3,  we  get  27H.  | 

which   is,   therefore,   the   average   life   in   years   of   each    freight  | 

car.    These  cars   were   nearly   all    wooden    cars,   of   which   the  | 

cost  of  a  box  car  did  not  exceed  $450,  excluding  air  brakes.  i 

On    the   Panama   Canal    work:   during   the   bix   months   ending  | 

June  30,  1910,  the  cost  per  day  of  repairs  to  cars  of  all  kinds  j 
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was  $1.03.     FoT  the  tame  period  the  cost  of  repairs  to  plant  and 
equipment  per  unit  of  work  done  was  as  follows: 

Item  Cu.  yd.  Per  cu.  yil. 

Dry   excBVBtiou    10.E1E.143  (0.0796 

Wet  ei«TBtian 6,271.833  0.0713 

Concrete    565*69  0.17« 

Ssnd 31(1,028  0  3TS8 

Slono 681.812  0,!«0 

Dry  Bll 1,8I1.»«3.  0.006B 

Wet  fin I,ij«,7i5  0.0687 

The  Compartment  Type  of  Bock  Car  used  by  the  Los  Angeles 
Pacific  Railn-af  Co.,  has  proved  very  Buccesstul,  In  tliia  type  of 
car  a  box  is  built  on  an  ordinary  flat  car  having  a  floor  raised 
about  2  feet  along  the  center  line  of  the  car  and  sloping  to  each 
side.  This  box  is  divided  into  twelve  or  more  compartments, 
each  having  two  doors,,  one  on  each  side  of  the  car.  The  team- 
ster drives  his  wagon  along  the  aide  of  the  car  and  adjusts  a 
board  between  his  wagon  and  the  car  which  prevents  the  spilling 
of  any  roik  on  the  ground.  He  then,  with  hie  shovel,  loosens 
the  hook  holding  the  door  in  place,  which  allows  it  to  swing  up 
and  discharge  the  whole;  two  yards  which  each  compartlnent  con- 
tains. The  whole  operation  is  consummated  in  about  one  min- 
ute. Mr.  H.  R.  PoBtle  gives  the  following  bill  of  lumber  for 
building  such  a  box  on  a  34-foot  flat  ear: 

e  —  Zx  lin.ilgft.  12  — 1i  4in.E  8ft. 

8  —  41   nin.xKift,  4  — 2il6iD.il8ft. 
GO  — 2il2ia.il6rt. 

Total.  2.MS  ft.  at  $22  per  M  ft.=  |68.16. 

He  doeo  not  give  the  amount  of  bolts  and  iron  required,  but 
■ays  that  the  Hhop  foreman  of  the  railroad  told  bim  that  each 
car  caste  a  total  of  $2S0. 


c.  Google 
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CAETS 

The  following  notes  are   from  "  Earthwork  and  Its   Cost," 
H.  P,   Gillette:  '   I 

The  method  of  hauling  with  one-horse  two-wheeled  duipp-carta 
is  especially  adapted  to  work  in  narrow  cuts,  hasement  excavH- 
tions,  and  wherever  the  haul  is  nhort;  but  in  such  places  wheel 
aerapers  are  ordinarily  better,  unless  the  haul  is  over  street 
pavements. 

The  great  advantage  that  carts  possess  over  wagons  ia  ense  of 
dumping  (one  man  can  dump  them)  and  especially  of  dumpina 
into  hoppers,  scows,  etc.  The  data  of  Morris,  who  kept  account 
of  the  coat  of  moving  150,000  cu.  yd.  of  earth  with  carts,  arp  the 
most  reliable  in  print.  Tn  his  work  one  driver  was  required  for 
each  cart,  Trautwine  erroneouitly  assumes  that  one  driver  can 
attend  to  four  carts.  For  the  short  hauls  upon  which  carts  are 
ordinarily  used  one  driver  ean  attend  to  not  miire  than  two 
single  horse  carts.  Morris  found  the  average  speed  to  be  200  ft. 
a  minute,  and  the  average  load  i^  ou.  yd.  (bank  measure, 
equivalNit  to  0.37  cu.  yd.  place  measure)  on  a  level  haul;  ^  cu. 
yd.  on  Bteep  ascents,  and  there  were  4  min.  of  "lost  time  "  load- 
ing and  dumping  each  trip.  As  above  stated,  the  cost  of  picking 
and  shoveling  average  earth  is  one  hour's  wages  per  cu.  yd.,  while 
if  earth  is  loosened  by  plow  the  cost  of  loosening  is  about  I^Q-hr.  ; 
wages  of  team  and  driver,  and  the  cost  of  loading  plowed  earth  | 
is  %-hr.  wages  of  laborer  per  cu.  yd. 

Upon  these  assumptions,  and  accrediting  a  driver  to  each  cart 
with  an  average  load  of  i^  cu.  yd.,  we  have: 

Rale.  To  find  the  cost  per  cu.  yd.  plowing,  shoveling,  and 
hauling  "average  earth"  with  carts,  add  together  these  items; 


laborer  shoveling 


Bnd  helper  . 


To  whtch  add  i^  hr.'s  wages  of  cart,  horse  and  driver  for  each 
100  ft.  of  haul.     With  wages  of  a  man  at  30  ct  and  of  a.  horse 
at  15  ct.  per  hr.,  this  rule  becomes:     To  a  fixed  cost  of  3d  ct.  add 
2.25  ct  per  cu.  yd.  per  100  ft.  of  haul. 
146 
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If  one  driver  attends  to  two  carta,  as  is  ver;  often  the  case, 
the  hauling  item  is  ^g  hr.'a  wages  of  a  man  and  two  horses, 
or  1.5  ct.  per  cu.  yd.  per  100-ft.  haul  at  wages  above  given. 
In  cities  where  streets  are  level,  and  hard,  even  if  not  paved, 
one-horse  cart»  holding  %  cu.  yd.  are  used;  furthermore  horses 
travel  faster  than  the  200  ft.  per  minute  given  hy  Morris  on 
railroad  work,  220  to  250  ft.  a  minute  being  the  speed  at  a  walk 
over  hard  level  roada.  With  large  %-yA.  one-horee  carts  and  one 
driver  to  each  cart,  the  cost  of  hauling  per  eu.  yd.  per  100  ft. 
i.s  therefore,  ^s  hr.'s  wages  of  horse  and  driver,  or  1  ct.  per 
cu.  yd.  per  100  ft.  of  haul. 


Fig.  81.    Two-Wheeled  Cart. 

Cost  with  Garti  Ertgtneertng  and  <  ontracttng  Jan  22  1008 
gives  the  following 

The  job  was  earth  excavation  in  the  constructKin  of  a  rail 
road.  A  cut  waa  taken  out  «ith  carts  which  were  loaded  bv 
men  using  short  handled  sho\els  The  work  waa  done  in  the 
iate  fall  and  early  muter  uhen  a  fair  amount  of  ram  fell 
hut  snow  falls  did  not  occur  At  night  the  ground  froze  to  a 
depth  of  a  few  jntbes  and  was  generally  thawed  out  b\  the  sun 
during  the  day  This  made  the  runway  niudd\  and  made  some  of 
the  shoveling  harder  The  material  uas  red  cla\  that  readily 
absorlied  water      The  average  length  of  the  haul   waa  100  ft 

The  earth  was  loosened  by  pitkB  two  pickcra  keeping  three 
shovels  going  Three  men  shoveled  into  a  cart  two  carts  being 
loaded  at  one  time  Four  carts  were  used  ont  driver  attending 
to  two  carta  which  he  took  to  the  dump  together  One  man  on 
the  dump,  with  the  aid  of  the  driver,  dumped  the  carts. 

The  wages  paid  tor  a  10-hr.  day  were  as  followai    .         , 
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Formuu    13.60 

hthortn   1.60 

Wat«r  boy   1J» 

2  utU  and  1  driier   1.B0 

The  cost  per  cubic  yard  of  doing  the  work  was : 

ForcBian tO.OSD 

PkklDs    O.tRO 

shoTi-irDE 0.130 

Dmnpins    O.Cn 


The  output  of  this  gang  per  day  was  TO  cu.  jd.  This  is  a 
high  cost,  ae  a  greater  yardage  ehould  have  been  excavated. 
The  pickers  loosened  about  IS  cu.  yd  per  man  day,  while  a)iout 
II  cu.  yd.  per  roan  day  were  ahoveliM.  The  man  on  the  dump 
took  care  of  TO  cu.  yd.  per  day.  A  careful  analyMs  of  this  and 
a  compariBon  of  costs  of  similar  work  show  that  the  cost  of 
hauling  is  a  little  low,  while  the  other  costs  are  alt  high.  Tlils 
l^ads  to  the  coneluaiou  that  there  were  not  enough  carts  for  this 
length   of   haul. 

As  the  foreman  was  experienced  and  realized  that  he  was  short 
of  carta,  he  did  all  he  could  to  keep  them  going  continually  and 
loaded  them  as  heavily  ae  the  ground  over  which  he  had  to  haul 
would  permit.  The  rewilt  waa  that  he  worked  the  horses  harder 
than  they  are  ordinarily  worked,  as  will  be  noticed  from  the  cost 
of  hauling,  which  was  U  ct.  for  a  distance  of  900  ft.  With  the 
wa^s  given  above,  the  cost  of  hauling  per  100  ft.  with  carts 
would  be  about  1  ct.,  and  adding  to  thii  the  lost  team  time  the 
total  cost  should  have  been  for  a  000  ft.  haul  about  12  or  1.1 
ct.,  while  the  cost,  as  stated,  attually  was  11  ct.  That  the  fore- 
man did  his  work  well  is  evident  from  tbe  fact  that  with  a  lack 
of  carta  that  was  Ijound  to  make  his  men  idle  at  tiroes  waiting 
for  the'carte  to  come  back  from  the  dump,  he  got  an  output  of 
about  11  cu.  yd.  from  his  shovclmen  per  day. 

If  two  more  carts  had  been  uHed.  the  shovelera  could  no  doubt 
have  loaded  14  cu.  yd,  to  the  man,  and  instead  of  usinp  only 
three  men  loading  to  the  carts  tour  men  could  have  been  em- 
ployed. This  would  have  made  the  output  per  day  112  cu.  yd. 
instead  of  70.  Thus  a  saving  on  the  total  cost  of  nearly  fiO'/t 
could  have  been  effected. 

With  the  material  that  had  to  be  excavated,  a  man  could 
readily  loosen  with  a  pick,  by  caving  in  a  bank,  from  25  to  W 
cu.  yd  per  day,  and  a  man  could  load  into  a  cart  with  a  shov»l 
14  cu.  yd.  The  dumpman  could  easily  have  cared  for  tha  112  cu. 
yd.  that  were  sent  to  the  dump. 
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The  coata  as  given  illuatra'te  in  a  striking  manneT  how  one 
detail   of   a   job   that   is   not   properly   managed   can   materially 

increase  the  coAt  of  all  the  other  detaila  and  that  of  the  whole 
job  and  yet  that  particular  coat  may  be  low.  Such  facts  can 
oDly  be  learned  by  keeping  detail  cost  data  and  then  carefully 
analysing  them. 

A  contractor's  dump  cart,  body  made  of  white  oak,  ironed  and 
liraced,  white  oak  wheels,  tire  ai™  3  by  %  inch,  height  of  wheels 
5  ft.,  body  size  3  ft.  wide,  5  ft.  long,  1  ft.  deep,  weigha  complete 


Fig.  82.    Grout  Cart. 

660  lb.,  price  $75.  The  end  board  lifts  out  and  by  releasing  the 
box  at  front  end.  dumps  automatically. 

Brick  Cart.  This  ia  deaigned  tor  hauling  heavy  material  and 
is  made  of  bard  wood  throughout.  Tliis  cart  lias  a  bed  of  5  ft. 
length,  depth  of  20  inches,  width  at  bottom  of  3  ft.  0'^  in  .  flare 
liosrd  12  inches  wide;  capacity  3fiVi  cu.  ft;  wheels  54  inches 
high.  Approximate  weight  1,000  lb.,  price  $95  f.  o.  b.  Aurora, 
111. 

Trash  Cart.  Similar  to  the  above  but  of  lighter  conBtruction. 
Capacity  36^^  eu.  ft.,  weight  approximately  800  lb,  price  SOI. 

Flek-up  Carts  or  beam  trucks,  having  two  wheels  and  a  raised 
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axle,   are  used  for   picking   up  and  hauling  iron   pipe,   timbers, 
structural  sliapeB,  etc. 
They  are  usually  drawn  by  hand. 


Gront  Cart.  A  cart  similar  to  the  one  shown  in  Fig.  82  is  de- 
signed 80  that  the  paddle  wheels,  which  keep  the  grout  well 
mixed,  are  on  the   same  axle  as  the  wheels   proper   and   revolve 


with   them      The   price  of  this  cart   is   $55  f.   o.   b.   distributing 
Concrete  Carts.     These  carta  have  two  wheels  and  are  made  of; 


A    patented    gasoline    truck    fitted   with    an    automatic    dumi 
body.  Fig.  83,  ha»  a  capacity  of  1  cu.  yd.  of  dry  mix  or   18  cu 
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ft.  of  wet  mis.  It  has  an  all-metal  body  of  the  hopper  type  and 
automatically  spots  and  dumps  its  load  in  any  desired  place. 
It  will  take  wet  mix  directly  from  the  central  mixing  plant 
to  the  roadway  or  dry  mix  from  the  storage  pile  or  bin  to  the 
mouth  of  the  mixer^  without  refaandling.  It  is  equipped  with 
wide  faced  steel  wheels  to  prevent  cutting  up  the  linished  a'ubgrade. 
It  has  three  wheels,  the  load  being  carried  by  the  two  front  driv- 
ing wheels  and  the  steering  being  done  by  the  single  wheel  in 
the  rear.  It  operates  at  speeds  of  Irora  Vi  to  12  miles  per  hr., 
with  an  average  gasoline  con^iumption  of  3  gal.  per  day.  This 
machine  weighs  2,400  lb.,  and  costs  about  $1,700  f.  o.  b.  factory. 


c.  Google 
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CEMENT  GUN 

The  cement  j^n  is  illustrated  by  Fig.  S4.  It  haa  two  chambers, 
the  upper  being  fitted  with  a  hopper  and  conlaining  two  bell 
valveu,  the  lower  containing  the  feed  wheel,  air  motor,  and  ait 
jet.  It  is  mounted  on  wheeU  so  that  it  ma;  be  readii;  moved 
US  tlie  work  progresses.  The  standard  equipment  consistx  of 
50  ft.  of  material  hose,  50  ft.  of  air  hose  and  50  ft,  of  water 
liose,  together  with  wmplefe  nozzle  having  water  valve  and 
water  connection.     ThePC  mathines  may  I*  had   Jn  the  following 


DapRcily 
n  sq,  yd. 


free         Weirtt 

Price 

l,60tt 

n.jDo 

ft  surfsee   1 

inch  thick 

the  operation 

of  the  ceme 

ixed  dry,  and  placed  in  t 

The  above  oapaeities  are  based  on 
fi  hra. 

Openttlon.     The  following  notes  on 
gun  were  by  Mr.  Byran  C.  Collier. 

In  operating,  the  material  is  firBt  n 
upper  chamber  of  the  machine  from  which  it  t 
five  stages  to  the  lower  chamber,  and  thence  through  the  hose  to 
the  nozzle.  It  is  well  to  bear  in  mind  that  a  normal  percentage 
of  moisture  in  the  sand  (4%  to  6%  J  is  advantageous,  as  oth-. 
erwisc  there  is  too  great  a  tendency  of  the  sand  and  cement 
particles  to  be  segregated.  The  water  is  introduced  through 
the  walls  of  the  nozzle  in  needle  ,ieta  under  higher  presxiire  than 
the  air,  thereby  causing  these  jete  to  -puncture  this  etream  of 
flowing  material.  The  action  of  the  air  in  the  main  hose  caune^ 
the  water  from  these  jets  to  become  atomized,  resulting  in  the 
covering  of  all  the  particles  with  this  fine  spray.  When  this  ■ 
hydrated  material  is  impelled  against  the  surface  to  be  coated  ! 
the  first  elTect  is  to  cause  &  very  marked  rejection  of  material. 
which,  examination  has  shown,  ii\  sand  only,  showing  that  the 
cement  has  adhered  to  the  surface  forming  a  film  of  neat  cement 
which  acts  as  a  matrix.  When  thi«  matrix  assumes  a  perceptible 
152 
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thickneas  the  sand  finds  a  seat,  and  the  rejeeted  material  grows 
markedly  lesa.  Tbere  continues  a  certain  amount  of  rejection 
ut  thin  inert  material,  each  grain  of  which,  however,  haa  per- 
fonnfd  Ihe  fuuction  of  acting  as  a  taiuppr  to  drive  the  prentding 
grains  deeper  into  the  matrix  in  which  they  are  seated.  The 
result  of  thiK  pounding  action  is  to  produce  a  very  dense,  hard 
and  durable   mortar. 

Allhough  this  "  rebound "  has  a  definite  and  useful  action,  it 
also  presents  a  difficulty  which  muHt  at  all  times  be  reckoned 


Fig.  84.     Cement  Gun. 

wilh  in  order  to  insure  proper  and  satisfactory  work.  It  is  the 
'H«toin  to  use  air  at  a  pressure  of  about  3.^  lbs.  at  the  "  Gun  " 
under  normal  conditions  of  operation,  and  with  from  50  to  100  feet 
iif  hose  in  use.  This  will  mean  that  the  impelled  material  will 
have  sufficient  velocity  to  result  in  the  "  rebound  "  being  thrown 
hack  auffieientty  to  clear  the  reinforeing  wires.  If,  on  the  other 
hand,  too  low  pressure  ia  used  this  rebounded  material  lacks 
sufficient  velocity,  and  causes  it  to  fall  behind  the  reinforcing 
■■ire  in  lootie  piles  forming  what  are  termed  "  sand  pocketa" 
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cases  where  the  material  ie  "  shot " 
conditions  will  arise  unless  care  is 
veloped  to  overcome  this. 

CoBt  of  Cement  Qnn  Work  at  the  Elephant  Butte  Sam.  The 
following  notes  from  Compreaaed  A.ir  Magazine,  May,  1916,  il- 
lustrate very  well  the  detailed  manner  of  cement  gun  operation. 

The  upstream  face  of  the  Elephant  Butte  dam.  of  the  United 
States  Reclamation  Service  was  waterproofed  with  portland- 
cement  mortar  mixed  in  the  proportion  of  one  part  cement  to 
two  parts  sand  and  applied  with  a  cement  gun  in  a  coating  about 
1  in.  thick.  Advantage  was  taken  of  rising  water  in  the  reservoir 
to  work  from  rafts  specially  constructed  for  the  purpose.  There  , 
were  two  of  these,  each  0  x  13  ft.,  made  of  planking  on  a  frame- 
work laid  on  and  attached  to  16  oil  barrels.  One  raft  contained 
the  machine,  operator  and  helpers,  small  mixing  hox  and  a  few 
sacks  of  cement  and  sand,  while  the  other  was  loaded  with  cement 

The  coating  was  applied  in  horizontal  strips  about  10  ft.  high 
and  the  length  of  the  dam  at  water  level.  The  surface  was  first 
cleaned  thoroughly  with  scrapers  and  wire  brushes  and  then  gone 
over  with  a  sand-blast,  using  coarse  sand,  passed  through  the 
machine  to  obtain  the  necessary  pressure.  This  roughened  the 
euifsce  sufficiently  to  cause  the  mortar  to  adhere  to  it.  The 
surface  was  then  thoroughly  moistened  with  a  hose  and  the  mortar 
immediately  applied.  The  mortar  was  put  on  in  four  layers,  each 
about  ^  in.  in  thickness.  It  was  found  that  a  thicker  coat  than 
this  applied  on  a  vertical  wall,  without  reinforcement,  would, 
on  account  of  its  weiglit,  slough  off  before  setting.  Each  layer 
followed  the  pieceding  one  before  it  had  attained  its  final  set. 
Numerous  samples  taken  from  the  face  showed  perfect  adhesion 
to  the  concrete,  it  being  impossible  in  every  case  to  break  the 
mortar  from  the  concrete  at  the  line  of  contact.  The  cost  per 
square  toot  for  the  first  100,000  aq.  ft.  ot  this  coating  was  as 
follows ; 

Operallns  ind  repair  work,  includinK  cotit  of  Hir  and  water  fO.OIS 

StBEine,  eleiiDiDK  wall,  mUTinc.  etc 006 

■   Orient , .OJM 

SsDd,   including  tabor,  scrceuing  and  hauling   (aand   only 

at  ct.   per  en.  yd) .    .007 

DepracidlloD  ot  gun  and  aquipm* nt 020 

8nblo«»l     10.071 

Overhead -       .007 

Total  coat  i>er  sq.  ft. .WOTS 

Some  experiments  were  also  conducted  at  Elephant  Butte  to 
determine  the  feasibility  and  probable  coat  of  troweling  the  mortar 
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placed  by  cement  gun,  with  the  idea  oE  using  the  machine  for 
the  lining  of  canals  or  for  repairing  lining  that  had  disintegrated 
and  required  a  amoolh  finish.  The  area  treated  was  75  uq.  ft. 
Thi:i  watt  covered  witli  mortar  averaging  %  in.  in  thickneHS  in  15 
luin.  working  time,  or  at  the  rate  of  301)  sq.  ft.  per  hr.  for  this 
average  thickneBs.  One  good  flnieher  troweled  58  sq.  ft.  in  25 
min.,  or  at  the  rate  of  135  sq.  ft.  per  hr.  Posaibljr  two  men 
could  Iceep  up  with  the  gun.  The  finishing  was  not  done  to  a 
Bcreeded  surface.  The  surface  is  wavy,  hut  much  smoother  than 
a  formed  surface  would  he.  It  could  be  screeded  to  a  plane,  if 
thought  necessary.  Care  must  be  taken  that  too  much  material 
itt  not  deposited  in  one  coat,  or  hori;a>nta!  cracks  will  occur,  due 
to  settlement.  Some  cracks  appeared  in  this  experiment,  and  in 
each  one  the  material  was  found  to  be  from  1  in.  to  I  ^  in. 
thick.  The  cost  of  this  particular  experiment,  not  counting  cost 
of  aetting  up,  equipment,  etc.,  was  as  follows: 


Oeitient 


Total  (or  75  sq.  ft t3.20 

^       •  -  .  ioMM 


Depreciation,  staging,  moving,  etc.,  would  depend  on  the  job, 
but  it  19  probable  that  tlie  total  cost  of  placing  this  coating, 
including  the  troweling,  under  average  conditions  would  not 
exceed  5c  per  sq.  ft. 

In  using  the  cement  gun  the  sand  must  be  clean,  sharp  and 
not  too  fine.  It  must  not  be  hone-dry,  or  trouble  with  feeding 
will  occur.  The  air  pressure  should  be  about  ^U  lb,  in  the  gun 
and  the  water  pressure  over  60  Ih.  It  has  been  figured  at 
Elephant  Butte  that  30  ft.  of  free  air  at  100  lb.  pressure  at  the 
point  ot  delivery  to  the  gun  and  10  gal.  of  water  are  required 
per  minute. 

Cost  of  lining  a  Reservoir  with  Concrete  by  the  Cement  Qun. 
The  following  notes  by  Mr.  K.  U.  Eaton  appeared  in  Engineering 
Ye«j»  Record,  July  24,  1010. 

The  total  area  to  be  lined  was  114,000  sq.  ft.,  and  specifica- 
tions called  for  a  gunite  lining  1  in.  in  thickness,  with  a  mix 
ot  one  part  of  cement  to  5'^  parts  of  sand;  no  lime  was  used  in 
the  mixture.  The  lining  was  reinforced  with  galvanised  poultry 
netting,  IH-in.  mesh.  No.  IS-gage  wire,  placed  in  the  center  of 
the  concrete  to  confine  cracks  due  to  expansion  to  hair  cracks, 
and  no  expansion  joints  were  used. 

This  work  was  let  by  contract  at  a  price  of  lO^c.  per  square 
foot,    including    the    trimming    and    preparation    df.ittoe;! banks. 
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Work  was  commenced  Jan.  14,  1919,  and  completed  Mar.  19. 
Because  the  vork  had  to  be  done  durtnir  the  winter  months  the 
actual  number  of   working  daye   in   this   time  was  only   39. 

The  cement  gun  used  was  what  ie  known  as  the  NZ  size.  It 
was  kept  on  the  upper  bank  of  the  canal  at  a  maximum  distance 
of  600  ft.  from  the  compreBSor,  to  which  it  was  connected  witli  ' 
ft  2-in.  iron  pipe.  Tlie  compreisor  was  of  the  portable  type, 
direct-connected  to  a  semi-Dieael  tj'pe  of  engine;  it  was  12  s  12  in. 
and  ran  at  a  s]>eed  of  300  r.p.m.  A  pressure  of  42  lb.  per  square 
inch  was  maintained  at  the  compressor,  giving  aixiut  32  lb.  at  the 
gun.  A  2-in.  rubber  hose  200  ft.  in  length  was  used  from  the 
gun  to  the  no2%le,  and  the  rubber  tips  in  these  nozzles  lasted 
nearly  one  week  before  requiring  replacement.  The  depreciation 
on  tlie  hose  for  the  |>eriod  of  the  job  was  $200. 

In  lining  the  114,000  sq.  ft.,  2004  sacks  of  cement  were  used, 
or  nearly  30  sq.  ft.  of  lining  per  sack  of  cement.  The  average 
rate  of  progreiss  throu^rhout  the  work  was  2900  sq.  ft.  per  working 
day.  The  maximum  day's  run  was  about  5000  sq.  ft.,  though 
better  average  progress  would  have  been  made  in  the  dry  season, 
as  the  principal  delays  were  due  to  wet  sand  clogging  in  the  hose 
and  necessitating  freijuent  cleaning  out  of  tlie  machine.  A 
certain  amount  of  moisture  is  necessary  in  the  sand  for  thi-i 
class  of  work,  and  the  best  results  were  obtained  when  sutficjent 
water  was  present  so  that  the  sand  just  failed  to  hold  its  shape 
when   squeezed   in   tiie  hand. 

The  total  quantity  of  sand  used  on  the  work  was  600  tons,  i 
the  total  cost  of  sand  per  ton  was  an  follows: 

Par  ton 

Iioadiac  charge  at  sand  pit |».30 

Preijiit   M 


Total    K53 

The  hauling  over  the  wet  roads  a  distance  of  two  miles  was  the 
biggest  item.  The  weight  of  a  cubic  yard  of  sand,  which  nae 
wet,  was  2,500  pounds. 

The  cement  "as  $3,45  per  barrel  delivered  at  the  site,  after 
an  allowant-e  of  $1  per  barrel  was  made  for  sacks.  The  poultry 
netting  ilelivered  at  (he  site  cost  $1.17  per  100  square  feet. 

The  construction  crew  employed  was  as  follons: 


1  Compreasoi  engtnMr 17. 

1  NiB^Bm«n —     E. 

1  MsD  placing  wirs -      B. 


CEMENT  GUN  ir.7 

IMkB  losdiu  enB  4,00 

1  NozitemAn  belper  i--.,,,---,, ,-..-.,--,.,-.<--.<-..-..-.. ...  4.00 

1  Gun  operator   iM 

1  Hsu  cTeaninf  off  taboond t.iXi 

ToUl  payroll  '". Hl-OO 

One  man  waa  kept  continuoual;  close  to  the  nouleman,  his 
duties  being  to  brush  back  the  rebound  at  the  junction  of  new  and 
old  work  and  to  raise  the  reinforcement  by  means  of  a  hook  to 
itieuTO  its  being  placed  in  the  center  of  the  lining. 

The  fuel  used  consisted  of  a  fuel  oil  having  a,  gravity  of 
27  -|-.  Ten  drums  of  this  oil  of  104-gal.  capacity  per  drum  were 
used.  The  cost  of  the  oil  was  $6.55  per  drum,  delivered  to  site. 
The  loss  by  rebound  in  percentage  of  the  sand  used  was  SK;-. 
this  was  not  wasted,  however,  as  it  was  collected,  screened  and 
used  over  again  with  good  results,  except  that  only  30  sq.  ft.  of 
lining  per  sack  of  cement,  or  23%  less  than  with  new  sand,  could 
he  gotten  when  rebound  was  used,  due  to  the  material  being 
I'oarse  and  requiring  more  cement  to  fill  the  voids. 

Particular  attention  was  paid  to  the  curing,  by  sprinkling,  of 
the  newly  completed  lining  for  a  period  of  two  days,  and  up 
to  this  time  no  cracks  other  than  fine  hair  cracks  have  devel- 
oped. 

Coat  of  Cement  Band  Coating.  The  following  costs  of  cement- 
sand  coating  of  an  experimental  mine  were  taken  from  an  article 
by  Mr.  George  S.  Rice  in  Tke  Coal  Indrntry,  Jan.,  IBIS. 

For  coating  378  feet  of  entry,  averaging  5.0  feet  in  height  and 
D.15  feet  wide,  the  cement  averaging  about  2  inches  in  thickness 
on  the  riba  and  ^  inch  thick  on  tha  roof,  the  costs  were  as  fol- 

Labor  and  Repairs 

Labor    I138.8S 

Saperviiion    23,04 

Cleanlm  and  repiiring  gun   10.71       1172.64 

Material 

Cement.  280  ■aeki,  or  TO  bbl.  at  lUO  p«r  bbl.  ...      T7.« 

Sand.  4SM11B  at  .SS  ST.38         114.38 

Total    (287.02 

The  cost  per  lineal  foot  of  entry  averaged  76  cents,  and  the  cost 
per  square  yd.  of  surface  averaged  32  cents.  This  job  took  10 
days  and  the  speed  was  4.7  lineal  feet  per  hour  or  11^  sq.  yd. 
per  working  hour.  In  a'  subsequent  job,  the  total  cost  per  lineal 
foot  of  entry  was  93  cents  and  the  average  cost  per  sq.  yd.  was 
40  cents. 
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One  of  the  coinpfinies  in  Pennsylvania  reports  tliat  the  actual 
cost  was  $3  per  lineal  foot  of  heading  The  heading  averaged 
22  square  feet  m  seition,  making  the  eost  about  IJO  cents  per 
square  foot  or  $1  22  per  B<|uare  jard  of  iiunite  deposited  This, 
LOst  lA  liased  oil  cement  at  about  $2  20  per  barrel  and  sand  at : 
$2  per  ton  at  the  Site  The  thickness  was  about  one  inch,  no  rein- 1 
foreement,  being  used  but  it  was  most  carefully  done  and  prob- 1 
ably  Includes  all  costs 

At  a  mine  in  the  Connellsiille  district  the  cost  of  cementing!  I 
6  229  square  feet  wan  accomplished  in  12  days  the  dailv  cost  was  | 
at  followH  , 

One   demoDstrstOT  I  2  86 

One   notilrmaa  2  8S 

One  macbine  tender  i  15 

Two  laborers  at  t2  15  1 30 

Onphsif  time  t«Bmst«r  it  (J  00                                                         1  OO 


The  [dUI  labor  ecut  waa  tl54.B2. 

Material 

325  eaclu  cement   n25.1S 

SOO  bushels  sand M.OO 

BOH.  mining  msihino  hiwe  -..      17.H> 

Total    1178,62 

Grand  total    t^.U 

Tlie  cost  per  square  foot  was,  therefore,  6.38  cents,  or  per  square 
yard,  57  cents  It  will  be  observed  that  these  figures  vary  widelj, 
but  it  is  thought  that  umler  average  conditions  with  men  fully 
trained  in  the  use  of  the  cement  gun,  that  work  can  be  done  fur  | 
at  least  50  cents  per  square  yard  on  the  basis  of  wages  prevailing  i 
prior  to  1017. 

Information  obtnined  in  January,   ifllS,  relative  to  costs  in  • 
Pennsylvania  mine; 

Main  Slope 
Trimming  and  handling  rock  t  M-M 


»^ 
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SECTION  21 
CEHEHT  TESmra  APPASATUS 

On  large  concrete  jobe  it  is  desirable  that  all  cement  ehall 
1}e  tested.  Tbe  usual  practice  is  to  engage  a  specialist,  who 
Eends  a'  representative  to  obtain  samples  from  tlie  job  for  testing 
at  his  own  laboratory.  This  is  undoubtedly  the  best  way,  but 
wher£  work  is  located  far  from  large  cities  testing  in  this  manner 
is  very  expensive.  Ibis  diflieulty  ia  generaily  overcome  by  select- 
ing eamples  from  the  cars  immediately  before  they  leave  the 
factory  tknd  then  sealing  the  cars.  On  work  where  these  methoda 
cannot  be  used   a  field  laboratory  can  be  installed. 

Such  a  laboratory,  exclusive  of  the  building,  water  supply,  and 
few  pieces  of  furniture  will 'cost  as  follows: 


itage  scale  K  to  II]  oi.;  0  ta'vmi'^^ 


T*24by2*i 
24  by  24  by  J 

iu 

n*' 

deei. 

^nwnt  teal' 
lorn  braei   . 
sand  test  ei 

1    

aievBi,  BO,  iflO 

811 

d  200 

wltb  lid  Knd 

bol- 

Tnt 

ie,.  20,  30,  « 

It 

lid  and  bolt™,  br 

™.- 

'eigbt  appFoximately  SOO  lb. 

Where  any  considerable  amount  of  testing  is  to  be  done  several 
more  gang  moulds  with  same  sort  of  damp  closet  are  desirable, 
costing  an  extra  $40  or  $50. 
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SECTION  22 
CHAIN  BEITS 

(See  B«lting  for  Power  Purposes.) 

CHAIira 

Cliains  poaeeBS  t.bout  ^  the  etren<Tth  of  single  bars  of  i 
They  should  be  very  carefully  tested,  as  one  weak  link  means 
that  the  whole  chain  is  weak.  The  diameter  of  shesTes  or 
drums  Hhould  not  be  lesx  than  thirty  times  the  diameter  of  the 
chain  iron  used,  and  for  hoisting  purposes,  chainn  should  be  of 
short  links  with  oval  sides.  The  life  of  a  chain  is  greatljr  in-  I 
creased  by  frei[uent  lubricating  and  annealing.  | 

B.  B.  B.  Chain  in  of  iron  of  48,000  to  50,000  lb,  per  m.  in. 
tensility,  about  28%  elongation  in  8  in.,  and  38  to  40%  redui'- 
tion  at  fracture. 

Special  Dredge  chain  is  of  iron  of  48,000  to  52,000  lb.  per  bi- 
in.  in  tensility,  with  about  30%  elongation  in  8  in.  and  50% 
reduetion  in  area.  In  the  following  table  tlie  safe  load  should 
bo  taken  as  %  the  "  proof."  The  tH'eaktng  strength  is  about 
double  the  proof.  | 


Pipe  or  Stosb  Chains  with  Hook  ard  Ring  Cost 

%  inch  IS  (oat  lenElh  t  B.Z5 

it  inch  12  foot  lentth  lO.K 

%  inch  in  foot  Unilh  17.l>0 

K  tocli  15  tool  Isnilh  n.2G' 

Log  Chains,  15'  long,  heavy,  short  link,  ^g"  swivel  in  center; 
weight,  30  lbs.;  price,  $3.25. 


m 
III 

i 


i: 


«^^*^":^^^S^^^ii^=g^S^a«§'««-: 


i«|«|g|ss^|j5ij»|S.|;i^fef»|^.  . 
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T«' 


BreakiDE       TeBtipg:         Oirtb  of 


nches      pcrfaUioia 


i 


Stbenoth  and  Weight  or  Studded  Liitk  Cable  (Unwin) 

Diameter         Weigbt  Breaking       Teitlng         Olrth  of        Wt.  of  rope 


rj 
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CHAIN  BLOCKS 

For  moving  loads  vertically  where  great  power  in  not  obtain- 
able and  speed  is  not  a  requisite,  chain  blocks  are  the  beat  means. 
'Iliexe  are   made  in  three  types,  spur  geared,   screw  geared   and 

difFfrentUl, 

RpiB  (jKARED  Blocks 


Wei,Hib 


iiuSV 

20t 

n»  h»Te  B  lower  u  well  aa  »n  upper  brock. 
Screw  Geared  Blocks 

mlonii 
\4 

H<rirt             Weirtl,  lb. 
in  ft.                  (Net)                     Price 

E«r«  hoist 
per  It. 

Diffeubntial  Blocks 
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Fig.  85.    Chain  Block  ill  Use. 

Cliain  blochs  kept  wpII  oiled  and  kept  under  cover  where  grit 
'and  dirt  cannot  enter  the  gears  should  have  a  life  of  from  five 
lo  twenty  years.  On  outside  work  where  Band  and  grit  is  allowed 
to  enter  the  gears  the  life  ot  a  block  U  reduced  very  much,  and 
repairs  may  cost  as  much  as  60%  of  the  Bret  cost  annuallj'. 


c.Gboglu 


SECTION  24 
CHUTES 

Chut«e  for  stone  or,  in  fact,  almost  any  material  muet  be  lined 
with  sheet  iron  or  steel  to  prevent  excessive  wear.  Sooner  or 
lati^r  a  hole  tveara  in  these  elieets  and  it  is  then  neceasary  to  renew 
the  entire  piece. 

Witherbee,  Sherman  &  Co.;  at  Mineville,  N.  Y.,  use  bar  ateel  for 
lining  tlieir  ore  cliutes.  The  Imrs  arc  %x6  inchea  in  si^e,  and 
nben  worn  are  replaced  by  a  new  piece.  Tu  this  way- no  steel 
i^  H-a'!tpd  and  the  time  spent  in  repairs  is  much  leasoned. 

Dolesc  &  Shepard,  in  tlieir  slone-cruahing  plant  in. Chicago,  at 
all  points  where  the  prushed  stone  drops,  have  made  pockets 
where  a  certain  amount  of  the  material  collerts,  and  saves  the 
chut«fl  and  bins  from  exceasive  wear  at  these  points. 

AneU  Ezteneion  Wskdh  Chutes  for  bard  and  soft  coal  may  be 
economically  used  in  conslruclion  work  for  placing  concrete  and 
tranaportlng  other  materials.  They  are  adapted  to  indefinite 
extension,  but  each  sei'lion  is  in  itielt  an  independent  chute. 
The  prices  of  chutes  IS  in.  wide  at  top  and  17  in.  at  foot,  made 
of  N'o.  18  black  sheet  steel  witli  heavy  end  bands,  weighing  about 
o'i.  lb.  per  foot,  are  as  follows: 

5  fl.  leagUu,  esck MM       ID  fl.  leustlis,  eath  t  8.!r, 

6  ft.  lengilw,  euth  fiM       12  rt.  lengtlit,  each  10^ 

B  ft.  length*,  flMh T.M 

CAE  csxnz 

A  chute  constructed  of  sheet  steel  and  angle  iron  so  an  to  book 
on  any  car  or  wagon  is  made  in  three  slock  sizes  and  in  many 
cases  effects  great  saving  in  the  co^it  of  unloading  material  from 
earn.      (See  Fig,   80.) 

This  chute  ia  manufactured  in  two  sl^es.  The  1  cu.  yd.  size 
weighs  approximately  385  lb.  for  shipment  and  coats  -$60.  The 
H4  cu   yd.  weighs  about  410  lb   for  shipment  and  coats  STO. 

A  loader  used  for  unloading  cara  to  trucks  or  wagons,  having 

a  capacity  of  30  cu.  ft.,  is  made  in  two  parts,  the  bowl  and  frame. 

It  weighs  a.bout  400  lb.  for  shipment  and  costs  $65  f.  o.  b.  New 

16S 
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York  ^tate.  The  manufapturerB  gfve  the  saving  on  a  job  h) 
the  U8e  of  these  loaders  as  follows;  Before  the  loadera  were  put 
into  use  the  time  ior  a  round  trip  per  truck  was  1  hr,  30  r  ' 
By  use  of  the  loaders,  four  of  thvni,-the  5-ton  truck  made 
round  trip  in  one  hour,  a  time  saving  of  33^%,  an  increaee  in' 
deliveries  of  50%  redueinj;  the  lost  time  to  a,  minimum  and  in- 
creasing the  earnings  almost  S22  daily- 
Cat  Chnte.  The  following  description  of  a  home-made  device 
appeared  in  Engineering  A'eic«  Reoord,  May   15,   1919, 


Fig.  86.     Car  Chute. 

It  consists  of  a  simple  box  mnde  of  old  lumber  snd  measuring 
about  5x7  ft.  in  plan  b^  1  ft.  6  In.  deep.  It  holds  about  Z  cu 
yd.  of  material  and  toads  a  motor  truck  by  one  operation  in  a 
few  minutes.  The  box  is  arranged  to  rest  on  the  side  of  the  open 
railroad  car  in  which  the  material  is  received,  is  slightly  over- 
balanced outward,  and  is  dumped  hy  the  release  of  a  rope  at 
the  end  of  a  lever  at  its  back,  which  is  fastened  to  the  opposite 
side  of  the  car. 

On  the  job  where  this  was  used  it  took  as  long  to  fill  the  truck 
by  the  ordinary  hand  shoTelIng  as  was  required  for  the  truck 
to  make  a  complete  round  trip.  The  device,  therefore,  practically 
doubled  the  number  of  trips  per  day  for  each  truck.  Further- 
more, the  loading  laborers  were  continually  busy  filling  the  box 
and  did  not  lose  time  waiting  for  the  truck  to  come  alongside  of 
the  car. 
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CONCBETE  FL&CINQ  EQTJIFMEirC 

A  Boiler  Hoirt  Backet  that  Rutomatically  places  itself  und(!T 
the  mixer  at  the  bottom  of  the  tower  to  receive  the  concrete  and 
delivers  it  with  liie  same  automatic  movement  into  the  receiving 
hopper  at  the  top,  coHta   as  foltowe: 

©■picity  Weight  in  Priw 

in  cu.  II.  pounds  f .  o.  b.  (sctory 


Thia  bucket  is  ueea  where  a  large  amount  of  concrete  work 
is  to  be  done  with  the  hoist  bucket  permanently  fixed  at  one 
tower  position,  such  as  work  on  bridges,  dams,  viaducts  luid  all 
construction  where  the  height  is  limited. 

Qaick  Shift  Hol«t  Buckets  used  in  building  construction  and 
work  of  considerable  height  where  it  is  necessary  to  change  the 
position  of  the  tower  hopper  cost  as  follows: 

Capacity  Weight  in  Price 

in  cu.  ft.  poundB  f,  a.  b,  fsctory 


Vertical  Back  BeBelTtng;  Hopper.  This  hopper  is  used  in  cob- 
nection  with  plants  employing  chutes  for  taking  the  concrete 
away  from  the  hopper  proper. 


Extended  Oate  BcccItIilk  Hopper.  This  hopper  is  used  where 
it  is  necessary  to  carry  the  concrete  away  from  the  hop|>er  hy 
carts  or  cars. 
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Floor  EeceiTlnir  Hopper  to  be  placed  on  the  floor  to  charfte 
carts  or  cars  for  local  diHtribution,  that  maj  alao  be  used  aa  a  I 
charging  hopper  for  the  hoist  bucket  at  a  relay  point,  costs  ts 
follows : 


Katerlal  and  Hopper  Bin  dates  cost  as  follows: 


Weight  in 

Price 

inches 

1.  0.  b.  factory 

Sbyia 

50 

J29.ffl) 

12  Ly  IS 

Bl.WI 

12  by  12 

aj  by  m 

287 

eiioo 

vwn  Sheave  Sebi  co 

Bt  as  follows: 

Top 

IHuaelot-of 

Weight  in 

pri» 

■hesTO  in  inch«« 

pounds 

I.  o.  b.  tsctor; 

HT.OO 

14 

114 

OT.OO 

18 

134 

M.OO 

230 

12  125  124  M 

IS  228  4S.0a 

Sliding  Frame  Flxtnres  for  Qniok  Shift  Plants.  These  can 
be  applied  to  either  fteel  or  wooden  towers  and  are  deilgned 
so  that  quick  change  of  the  position  of  the  receiving  hopper  maj 
be   effected . 

Weight    Price 

Hopper  sliding  frame  for  wood  or  ateel  towers 4SI       flOl 

Wo"d  lower  (mora  pUnl  elidinn  frnme  13g4         ^ 

Slerl  tower  boom  planl  sliding  frame  2353         370 

Chutes.  A  tjpe  of  chute  section  used  in  concrete  placing  equip- 
ment havinfi  a  hopper  at  the  receiving  end,  and  an  apron  at  the 
discharge  end,  iB  as  follows: 


CONCRETE  PLACING  EQUIPMENT 

iBih,  PrU 


These  sections  tnaj  be  bad  in  various  Iraigths  at  above,  with 
flangmw  boppers,  joints  or  aprons  at  the  ends.  A  line  gate  for 
the  hI)ovc  sections  weighs  263  lb.  and  costs  $70. 

Another  tjpe  of  chute  setlion  having  elbows  at  the  ends  instead 
of  hoppers  and  aprons,  is  made  in  the  same  lengths  as  those 
above  and  costs  about  $12  more  for  each  length.  It  may  be  had 
wilh  ellwirs  flanges  and  joints  at  the  ends.  Boom  i 
this  type  cost  as  follows: 


%T 


Contlnnons  Line  Chotea  are  made  in  lengths  as  follows,  with 
flanges  on  the  receiving  end,  and  joints  on  the  discbarge  end. 


LienfUi 
hift. 


^X 


677 


A  two  wheel  trolley  to  support  these  cbut«s  weighs  40  lb.  and 
costs   !tin..50. 

Line  Oates  ma;  be  net  in  the  ccntiniioiM  line  chutes  from 
which  dislributjnu  sections  of  the  above  type  may  be  run.  A 
line  gate  in  a  10-ft.  section  fitted  with  a  flexible  joint  weighs 
322   II).  and  costs  «'iO. 

Flexible  Chute  Sections  can  !«  used  where  the  concrete  ij  to 
flow  in  vertical  or  nearly  vertical  lines.  They  are  connected 
together  with  chains. 


il%  in'Fb. 


A   tbree-ft.   section   fitted   with   a  -24   by  24-in,   hopper  weighs 
SO  lb.  and  coats  $20.00, 
Flat  Bottom  Tapered  Chute  Seotloiu  are  made  in  two  standard 
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lengths.     The   8-ft.    length   neighs   140   lb    and   eOBts    $20.     The 
20-ft.  length  weighs  2S0  lb.  and  costs  $40. 

HOIBTINQ  TOWERS 

Heavy  Steel  Towen  for  roller  hojat  buckets  are  made  in  a  wide 
variety  of  Bizes.     A  few  of  theM  are  given  as  follows: 


Heig|ht  CspafitT  for 

in  ft.  Mmllnuom  chute 


Steel  towers  of  the  light  type  faavinf>  a  rated  rapacity  ofj 
Vi  yd.  for  use  with  the  buc'kets,  hoppers  and  chutes  of  the  concrete 
placing  plant  ere  as  follows: 


120  seen  lkr  I 

IZn  VStO  1,G<5 

Steel  towers  of  one  yard  capacily  are  made  In  the  same  sitt* 
as  the  above  and  cost  from  iSS  to  $125  more  for  each  heiglit  . 
Towers  of  heights  other  than  those  shown  above  may  be  had  at  I 
prices  in  proportion  to  the  height. 

A  Movable  Wooden.  Tower  wss  nned  for  placing  the  concrete  I 
in  a,  grand  stand  built  at  the  University  of  Chicago,  The  grand 
stand  was  4S4  ft,  lon^  hy  114  ft.  wide,  and  it  was  necessair 
to  move  the  tower  four  times  in  order  to  place  all  the  concrete. 
The  tower  was  72  ft.  high  and  8s8  ft.  in  section  (See  Fig.  87). 
A  %-cu.  yd.  mixer  was  set  on  the  bottom  framework  of  the  tower  I 
so  that  it  would  discharge  into  a  bucket,  which  in  turn  elevated 
the  concrete  to  a  hopper  on  the  side  of  the  tower,  60  ft.  aboTP. 
The  chntes  were  of  the  open-trough  type,  10  \  12  in.  in  siie,  of 
galvanized  iron,  and  were  suspended  from  cablee  run  from  thf 
tower  over  the  grand  stand.  The  tower  whs  placed  on  6-in.  wooden 
rollers  placed  on  a  plank  runway,  power  for  moving  being  sup- 


CONCRETE  PLACING  EQUIPMENT 


171 


plied  by  a  cable  from  the  hoisting  engine.  Six  men  were  re- 
quired to  place  rollers,  runway  and  tables  while  moving.  A 
move  of  50  ft.  orcupied  about  4  hours.  The  cost  of  the  tower, 
including  labor  and  material  for  erection  and  labor  for  dis- 
mantliug  was  about  $600  (about  1910  prices). 


Fig.  87.    Movable  Wooden  Tower  for  Concrete  Chuting  System. 
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COMPAKISON    BETWEEN    TOWEES    OF    STEEL    Ain>    WOOD 

The  coet  of  ft  wooden  tower  is  about  $600.     If  ire  figure  thsi 

it  will  be  good  for  only  one  job,  that  job  ntuat  be  lurge  enough  ti 

warrant   the  expenditure   of   $600   to   avoid   using .  the   ordinary 

wheelbarrow  method.  The  dilTerence  in  cost  of  placing  eoncrefe 
by  the  two  methoda  is  usually  about  76  eta.  per  cu.  yd.  of  concrete 
so  that  if  we  have  a  job  containing  more  than  800  eu.  yd.,  or 
say  i,000  cu.  yd.,  the  chuting  system  will  be  the  more  economical. 
If  the  tower  is  built  carefully  and  so  that  it  may  again  be 
erected  on  other  work  it  will  pay  to  build  one  for  smaller  jobB 
It  will  coat  about  $200,  however,  to  erect  such  a  tower  on  anr  | 
job,  ao  that  on  a  job  containing  less  than  200  cu.  yds.  it  would  nol 
be  practicable  to  use  a  tower,  especially  a  tower  of  such  size. 

There  will  be  no  difference  in  the  cost  ot  concreting  as  between 
wooden  and  steel  towers,  as  their  operation  is  practically  tbe 
same.  The  difference  in  first  coat  is  tbe  main  consideration  and 
for  towers  75  ft.  high  this  is  about  $400.  The  wooden  tower  can 
not,  however,  be  expected  to  maintain  its  rij[idity  for  more  than 
a  half  dozen  jobs  and  there  is  no  doubt  that  if  a  permanent 
tower  ie  desired,  a  steel  tower  will  be  more  economical  than  a 
wooden  tower  after  five  or  six  jobs  have  been  built.  This  is  verv 
well  illustrated  by  comparing  the  coat  of  setting  up.  ABsumin<! 
that  the  cost  of  the  erection  ot  the  wooden  tower  is  $200  and 
the  cost  of  erecting  the  steel  tower  is  $100,  we  have  added  $800 
to  the  original  cost  of  the  woctden  tower  by  the  time  it  has  been 
erected  for  its  fifth  job.  The  money  invested  in  it  then  is  $600  — 
$800  or  $1,400.  By  the  time  the  steel  tower  is  erected  for  its 
fifth  job  the  money  invested  in  it  is  $1,000 +  $400  or  $1,400,  an 
equal  amount  to  that  invested  in  a  wooden  tower.  The  wooilen 
tower  may  still  be  in  fair  condition  but  it  is  reasonable  to  believe 
that  the  steel  tower  will  remain  in  pood  condition  for  a  much 
longer  time  and  it  will  cost  only  about  half  as  much  to  erect. 
We  may  assume,  therefore,  that  a  portable  wooden  tower  is 
economical  for  jobs  above  1,000  eu.  yds.  and  until  it  has  been 
erected  five  times,  and  that  a  portable  steel  tower  would  be  mote 
economical  if  its  use  ia  contemplated  for  more  than  five  jobs. 

The  first  towers  used  for  hoisting  concrete  were  naturally  of 
wood  and  were  located  entirely  within  an  area  to  which  chute* 
could  be  run  in  all  directions.  Later,  auxiliary  towers  were  uarf 
in  connection  with  very  high  main  towers  to  carry  concrete  to  » 
considerable  distance,  this  distance  always  l>eing  controlled  by  the 
angle  ot  the  chute  (about  23°  to  30°),  and  the  height  of  the  main 
tower.  The  steel  tower  was  primarily  substituted  (or  the  wood 
tower  to  provide  a  permanent  "knwlt  down"  structure  whic!i| 
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eould  be  used  over  and  over.  Its  rjgidit;  as  compared  with  the 
-wooden  tower  has  finally  led  to  the  portable  feature.  This  feature 
makes  the  steel  tover  more  oHHiotnical  than  wooden  towers  ai 
auxiliary  towers  and  also  makes  the  steel  tower  more-  economical 


Fig.  88.    View  of  Concreting  Tower, 

than  a  fixed  Wooden  maiH  towet  under  the  conditions  illustrated 
in  Fig.  166,  which  pictures  the  construction  of  a  thirty-stall 
concrete  roundhouse  for  the  Lake  Shore  A  Michigan  Southern 
Railway,  and  is  described  in  Engineering  and  Contractitig,  August 
2,  1812.     Here,  it  was  at  first  planned  to  build  three  wood, towers 
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for  the  construction  of  this  roundliouge,  which  is  405  ft.   in   di- 
ameter.   These  were  estimated  to  coat  at  least  $2,S00,  ««  again 
$1,000  for  a  single  steel  tower,  which  could  be  moved  from  place 
to  place. 

Other  towers  built  for  this  purpose  will  no  doubt  be  improved, 
as  the  experience  with  this  one  has  shown  to  be  advisable.  A 
swivel  poat  should  be  placed  at  the  top  to  fasten  the  guys,  so 
that  the  tower  may  be  turned  around  more  eaeily,  and  probably 
some  sort  of  truck  placed  underneath  would  facilitate  the  shifting  I 
of  the  tower,  , 

Figure  88  shows  the  construction  of  the  tower  which  is  7Z   I 
ft.  high.     The  steel   work   is  carried   on  wooden  skids  which   lie 
across  two  railway  rails  forming  a  truck.     On  the  bottoms  of  the    | 
skids,  where  they  rest  on  the   rails,  are  steel   plate  shoes  which    ' 
are  fitted  with  clamp  butts  for  anchoring  the  tower  to  the  rails. 
The  tower  is  also  guyed,  the  guys  running  through  blocks  at  the 
deadmen. 

Referring  to  Fig.  88,  it  will  be  seen  that  attached  to  the  towPr 
is  a  main  spout  60  ft,  long  consisting  of  a  U-shaped  trough 
10  in,  across  at  the  top  and  10  in.  deep,  made  of  galvanized 
sheet  iron.  This  trough  is  open,  except  at  its  lower  end,  where  it 
discharges  into  the  30-ft,  swivel  pipe  leading  to  the  forms.  The 
concrete  can  be  spouted  05  ft.  with  this  arrangement  of  110  ft, 
with  an  extension  pipe,  which  is  kept  at  hand.  This  trough  is 
supported  by  a  li^ht  steel  truss,  which  is  shown  in  the  photo- 
graph, A  special  feature  is  the  support  of  this  spout  and  truss 
by  ft  40-ft.  boom  which  is  rigged  from  the  top  of  the  tower  and 
held  in  place  by  a  steel  cable  running  to  a  winch  placed  at  the 
foot  of  the  tower.  The  construction  of  the  trough  on  top  of  the 
truss  is  such  that  the  wearing  parts  may  be  easily  removed  and 
replaced  without  disturbing  the  truss  itself. 

Comparative  Cost  of  Wood  and  Steel  Towera.  The  following 
notes  appeared  in  Engineering  and  Contracting,  Jan.  24,  1012. 
During  the  construction  of  a  reinforced  concrete  building  in 
""  '  _>  the  contractors  used  two  hoisting  towers,  one  of  which 
s  the  ordinary  wood  tower  and  the  other  a  steel  tower  made  of 
light  structural  shapes.  The  towers  were  operated  under  the 
same  conditions  and  the  comparative  cost  of  the  towers  for  the 
work  was  in  favor  of  the  Bt«el  tower,  although  the  whole  coat  of 
the  tower  was  charged  against  the  first  job. 

The  cost  of  the  tower  given  by  the  contractor  foUowa; 

Lumber   tlTE 

FrBninK    W 

Erectini SO 

DlBnwnUiiic    1M 

Toul %m 
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The  cost  of  the  Bteel  tower  was  rs  follows: 

ttower     tm 

Erection    W 

DiBminUine   10 

Total    .'. tH5 

This  is  a  saving  of  about  5%   in  favor  of  the  steel  tower  o 
the  first  job.    If  the  cost  of  the  tower  were  charged  off  on  tl 


L  Concrete  Building 


Rrat  job,  then  on  the  second  job  the  cost  would  evidently  be  only 
$80,  or  a  saving  of  about  S5%.  This  is  probably  a  somewhat 
exceesive  estimate  as  some  minor  items  would  no  doubt  enter  in. 
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but  in  the  iong  run  it  is  quite  evident  tbat  the  steel  tower  would 
be  more  ecanomital   then   towers  built   of   wood. 

The  steel  tower  in  built  in  12-ft.  aections,  is  of  structural  shapes 
thrmiitliout  and  U  supporteil  liv  giivs  entirely  independent  of  the 
building.  Thi'4  Is  an  advantage  because  the  tower  can  be  coD' 
Btrucled  to  full  height  before  the  building  is  erected.  The  weight 
of  the  tower  is  about  GO  lb.  per  lineal  foot,  so  that  it  is  not  ' 
necessary  to  dismantle  the  bottom  section,  which  can  be  easily 
handlnl  by  three  men  and  set  up  and  levele<l  ready  lor  the  erection 
of  the  other  sections.  These  can  be  erected  piece  by  piece  in 
place  or  the  aectiona  can  be  set  up  on  the  ground  and  hoisted 
to  place  by  a  derrick.     Three  men  can  erect  three  sections  a  day 

The  lower  is  de-tiinipd  primarily  as  a  hoi<t  for  an  automatic 
dumping  concrete  bucket,  and  this  bucket  and  a  hopper  is  pro- 
vided. The  hopper  can  be  set  at  various  points  on  the  tower  for 
distributing  the  concrete  by   gravity. 


A   FOSTABLE  FLAITT   FOE   mXIHe  AHS    COHVETIHG    COK- 

CBETE  FOR  FOVKDATIOir  WOBK;   LABOR  COSTS 
OF  3fi,000  Cn.  YD.  OF  WORK.* 

The  accompanying  photograph  (Fig.  00)  illustrates  a  portable 
concrete  mixing  and  conveying  plant  which  was  used  by  the  Oreat 
Lakes  Dredge  &  Docks  Co.  on  foundation  work  for  a  blast  fur- 
nace plant  near  Cliicaao.  The  concrete  plant  is  liuilt  on  a  plat- 
form 20  ft.  square  whirh  is  mounted  on  rollers.  On  the  platform 
a  75  hp.  horizontal  boiler  is  mounted  which  furnishes  steam  for 
the  operation  of  the  Ransome  mixer  and  Lidgerwood  hoist.  The 
1-yd.  mixer  in  placed  near  the  rear  of  the  platform  and  a  hopper 
bin  is  qfected  above  it,  which  has  a  capacity  of  10  eu.  yd.  of 
stone  and  5  cu.  yd.  of  sand.  The  binx  were  filled  from  cars  on 
a  parallel  track,  by  means  of  a  locomotive  crane  and  clamshell 
bucket.  Storage  is  provided  for  500  liags  of  cement  on 
platform  at  one  side  of  the  mixer.  The  material  from:  the  stor 
liins  is  dumped  into  a  l-yd.  batch  hopper.  From  the  mixer  the 
concrete  is  delivered  to  a  Itansome  tower  bucket  whirb  is  raiaed 
75  ft.  and  delivered  into  the  chute.  The  chute  consists  of  a  12- 
in.  galvani/ed  pipe,  supported  by  two  SO-ft.  booms.  From  the 
ends  of  the  booms  lines  run  to  equidintant  points  on  the  chule 
thus  supporting  it  uniformly  and  keeping  it  in  a  straight  line. 
The  booms  are  swung  horizontally  over  the  work  by  hand.    The 

•Data  (flken  (rom  a  tabic  appendea  lo  naner  by  Victor  Windett,  pp-- 
senfcd  lo  'Weslern  Society  of  Eneincera  on  June  T,  1911.  pnt>]ished  in  Enni- 
nrpAng  and  Ctntraclifto  July  6,  191]. 
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lower  SO  ft.  of  pipe  is  made  in  movable  lengths  of  8  ft.  The 
plant  itaalf  is  pulled  along  on  ita  rollers  by  attaching  a  line 
to  a  deadman  and  taking  it  in  an  the  hoiat. 

The  concrete  work  consiated  of  foundations  for  power  house 
and  blast  furoace  buildings.  The  work  was  started  in  1910  and 
continued  through  the  winter  and  spring  of  IBII. 


The  work  on  the  blast  fumaoe  buildinj;  was  mastiive  concrete 
work,  the  blast  Curnare  foundations  conxistinf;  of  concrete  slabs 
30  X  70  ft.  square,  and  having  a  ftrebrirk  core  averaging  23  ft. 
in  diameter.  There  were  10,Bn9  eu.  yd.  of  concrete  placed  at  a 
complete  labor  cost  as  given  below; 

So.  ft.  torniK  per  en.  yd 7.CT 

8a.  ft.  rooLinenurfHce  (no  farmi)  8.54 

Total  d«r«  work 110 

Labor  day*  of  9  honi 
OoTWTPto  plnrnl  pir  i    ,    . 

nrrMe  plwvd  par  day  of  total 
_,-bor  COM  per  —    -^    —  ' 

Total  cost  per 


plarnl  piT  day  of  conrretins  dKTB  (yd.)  ISJ 

__    ...  _  placrd  par  day  of  total  time  (yd.)  S8.5 

Labor  COM  per  cu.  yd.  ser  day  par  man  t       O.M 
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The  work  on  the  hot  blast  stove  and   boiler   foundations 
maaeive  work,  including  10,004  cu.  yds.  of  concrete  placed  during 
the  summer  at  the  following  cost: 


bar  dBTS  of  i  boars 
:  per  day  of  total  t 


<Fd) 
■  toncrelinf 
per  d»7  -  ■ 


This  work  was  done  in  the  winter.  The  power  house  foumla 
tions  consist  in);  of  light  piers,  floors  and  some  massive  piers, 
including'  in  all  soine  3,733  lu.  yd.,  were  placed  as  follows; 

8q.  (t.  torm  Burtacs  per  cu.  yd 12.8 

Sq.  ft.  iurtate  witliaut  forma,  per  ru.  yd H.4 


Total  d.._      _.._ 
Total  days  tonerBling  . 
Total  labor  days  of  9  hi 


2,310 


Yd,  coucrsle  per  day  of  concretini  tioio 103.G 

Cost  per  cu.  yd.  per  man  per  day  t       0.62 

Total  cost  par  eu.  yd $       S.03 

The  easting  machine  building  foundations  were  built  in 
Rprin);.  These  oonsistsd  of  light  piers  and  walls  amounting  in 
to  1,225  cu.  yd.    This  concrete  contained  no  reinforcement. 
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8q.  ft.  form  >urfM»  per  yd lU 

Bi.  ft.  surface  wilhoat  firms  

Tottl  d*ya  work  n 

Total  dan  coBtit/ting  11 

Total  labor  daja  of  9  hours  STi 

Yd.  coDcreM  par  day  of  lolal  tlas  72 

Td.  cancrete  per  dsf  of  <»>Tu:rfllnE  time  i S7.5 

cost  per  cu.  yd.  per  nun  per  day  ....: I       B.TB 

Total  coat  par  en.  yd I      iM 

The  work  on  the  wharf  GODgiBted  of  3,344  cu.  ;d.  of  concrete 
in  tnaseive  work.  Two  rows  of  piles  were  capped  with  concrete 
forming  a.  base  fur  the  walls  supporting  the  rails  of  the  uiiload- 
iiig-  crane.  This  work  was  done  in  the  winter  and  early  spring. 
The  data  on  the  work  are  ae  follows: 

8q.  ft.  form  anrtMO  per  cu.  yd 8.1 

Sq.  ft.  garfaee  wltboul  foiois,  p«r  cu.  ]d 

Total  daya  worked  14 

Total  dayi  concretinK a) 

Total  labor  day*   1,290 

Td.  of  concrete  per  day  of  tolal  tinm  la* 

Yd.  of  coDerete  ppr  day  of  conerrling  time  ...............       lfi7-& 

Coat  per  yd.  per  day  per  man  t      039 

Tolal  coit  per  yd t       J.!l 

The  construction  of  the  piers  for  the  steel  tiestle  consisted 
of  moderately  heavy  work  amounting  in  all  to  6,971  cu.  yd  of 
concrete.  The  work  was  done  in  the  winter  and  the  chuting 
system  was  not  used.  Instead  the  concrete  was  delivered  in 
hand  pushed  Koppel  cars  of  1  cu.  yd.  capacity. 

8q.  ft.  form  aurface  per  cu.  yd S.C9 

Sq.  ft.  nurface  without  fDrmH,  per  cu.  yd 14.7 

"" — ^1  days  worked 70 


V)lal  daya  co 
^Jlal  labor  d 


— e  per  day  of  tolal  time  .. 

Yd.  of  concrete  pec  day  of  concreting 
Coat  per  yd.  per  day  per  man  


VJ." 


The  general   averages   and   totals   taken   from   the  above   data 
umish  the  following; 

Total  yd.  coDcreto  ptatwd  36,141! 

Bq.  ft.  forma  per  ou.  yd ».0 

8q.  ft.  concrete  aurface  without  forms  (per  yd.)  13.0 

Tolal  daye  worked S75 

Total  daya  concreting  i7T 

Total  labor  daya  of  9  houra  11,119 

Td.  roncrele  placed  per  day  of  (Dial  time  9e.5 

Yd.  coDcrete  placed  per  day  of  concreting  lime UO 

Coat  per  yd.  per  man  per  day  t        0.482 

Total  average  cost  per  cu.  yd t        l.« 

'    Included   in   the   above   labor   costs   is   the   placing   of   500,000 
lb.  of  steel  reinforcement,  or  about  14  lb.  per  cu.  yd.  of  concrete. 
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and  the  labor  for  erecting  and  dismantling  the  plant  for  handling 
the  concrete.  The  rate  of  wages  paid  averages  $0,344  per  mai 
per  honr  including  tlie  entire  force  employed. 

Qravlty  Concrete  Plant  Carried  on  a  Baige.  A  gravity  plant 
mounted  on  a  38  liy  130  ft.  barge  consisting  of  a  steel  tower  IW 
ft.  high,  roller  bucket  of  34  cu.  ft,  capacity,  hopper  capai-ity  64 
cu.  ft ,  boom  chute  of  80  ft.  and  counterweight  chute  50  ft.  long 
was  used  in  the  construction  of  revetment  on  the  banks  of  the 
Miasiseippi  Biver.  The  plant  is  stated  to  have  placed  1S2  squares 
of  pavement  on  its  first  day  of  operation. 


c.  Google 


COKCB£TE  SIDEWAIE  AKD  CmtB  FOKUS 

Adjustable  st^el  sidewalk  and  rurb  forms  are  extensively  used 
<nd  where  the  amount  of  work  is  large,  Iheir  extra  cost  is  justi- 
ied. 

Side  Rails    (Rioid) 


Rails  shorter  titan  10  ft.  used  in  "ending  up"  work  are  to 
l>e  had  in  lengths  of  from  2  to  8  ft. 


I   of   the  tJ-inch    Radius   Curve 
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Flexible  rails  are  to  be  had  in  the  same  lengths  and  heights  bs 
the  Bide  rails  at  about  50%  higher  prices. 

Radius  rails  mav  be  had  in  the  same  lengths  and  heights 
as  the  side  rails  at  a  price  of  about  100%  higher  for  the  smaller 
heights  and  50%  hijiher  at  the  greater  heights. 

Flexible  and  radius  rails  are  usually  furnished  in  sets;  that 
is,  cine  for  the  inside  and  one  for  the  outside  curve.  Separate 
inside  or  outside  rails  can  be  furnished  when  required. 

Sidewalk  Division  Plates 

>"  depth      S"  depth' 


Combined  Cubb  and  Gutteb  Dividing  Plates 

Heicbt  Thickiwas     Width 
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Steel  Faee  KaiU  used  with  rigid  side  rails  to  form  the  front 
face  of  a  gutter  coat  as  follows: 

4  in.  higli  br  10  ft.  long  tt.lQ 
i  in.  high  b;  ID  tt.  lonr  4.30 
B  in.  high  by  10  ft.  lone  4.«a 
7  in.  high  bs  10  ft.  Ions  G.m 

5  In.  high  bf  10  ft.  long  SM 

Steel  Spacers  used  in  curb  construction  for  suspending  the  in- 
Hide  rail,  and  to  apace  that  rail  the  proper  distance  from  the 
outside  rail  cost  38  cents  each. 

Batteted  Rigid  Side  Ralls  10  ft.  long  cost  $7.40  for  the  10^-in. 
height  and   SB.lO  for  the   12^-in.  height. 

Beveled  Edge  Rigid  Bteel  Side  BaUa  10  ft.  long  coat  $8.30  for 
the  5-in.  height  and  £6.70  for  the  O-in.  height 

Steel  Sidewalk  Radlu  Comers  to  attach  to  the  rigid  aide  rails 
$1.40- each  for  the  4,  5  and  fl-in.  height  by  18  or  24-in.  radius. 

Steel  Stakes  cost  as  follows: 


18  i 


*i  I 


lonj  10.18 


long 


For  longer  stakes  add  8  cents  for  each  additional  3  in.  of  length. 

Stake  Clamps  cost  14  centH  each. 

Steel  Road  Ralls  especially  designed  for  use  with  concrete 
road  finishing  machines  are  furnished  in  all  heights.  The  stan- 
dard length  is  10  ft.    The  prices  f.  o.  b.  factory  are  as  follows: 


Steel  Strike  Off  weighs  approximately  8  Ih.  per  ft.  and  costs 
IS  follows,  f  .0.  b.  factory. 
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Steel  Balklieads  for  Coacrete  Sosd*,  fitt«d  with  angles  to 
facilitate  tiaodling,  are  priced  as  follows: 

«  It.  riMd  JST.OO 

19  ft.  ro.id S1.50 

15  ft.  load  3t.SO 

20  ft.  road   JS.SO 

Thene  bulkheads  may  be  had  in  any  size  aod  type  at  Bpecia) 
pri.ea. 

Steel  SlTlslon  Flatea  for  Concrete  Roads,  made  of  %-'m.  steel 
plate  to  conform  with  the  crown  of  the  road  are  priced  as  fol- 

14  ft.  road   ta»,00 

16  n.  road tt.nO 

15  ft.  roBd -. ?  00 

31  ft.  road 29.00 

All  Ihc  fore^ioirj:  prices  are  f.  o.  h.  fattory. 

Cement  Workers  Tools.  Tlic  (ollowini;  are  net  priee;)  at  Tbica^ 
for  tool-!  used  in  constructing  and  flni>)i:ing  cement  sidewalks. 
The  prices  are  for  iron  nickel  plated  tools. 

JOINTFB 

2%  in.  wide,  fi  in.  long,  each V>M 

Nabbow  Joi>-teb 

1%  in.  wide,  S  in.  lone,  hi  in.  blade,  eub  ;0.«T 

Hi  in.  Bide,  8  in.  1on(,  -4  in.  blade,  each  .67 

Stbaicht  E.xd  Joisteb 

3  in.  wide,  6  In.  long,  W  in.  deep,  each  10.67 

Narrow  Stfwiottt  Ksd  .riu^TEii 

1%  in,  wide.  S  in.  long,  <^  in.  tlndc,  earb  tO.«7 

1%  in.  wide,  8  in.  long,  U  In.  Uads,  eacli  .,      .(T7 

Dbiveway  GRoon:R 
The  following  we  net  prices  for  driveway  groovers,  3  in.  wide 
and  9  in.  long: 


Min/'e, 


Straight  Exo  Gbooveb 

y.  V-gTOoret,  %  in.  wide.  H  in,  deep,  each  ... 


The  net  prices  of  edgers,  %  in.,  2%  in.  and  6  in.  long,  i 

follows ; 
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\  in.  tmned  edier,  each   V)M 

K  la.  turned  edger,  10  in.  lonf,  each  1.3G 

Narrow  Edgeb 

S  in.  long,  IK  in.  wide,  each  tO.ST 

5  in.  long,  114  in.  wide,  with  guide  68 

A  reversible  handle  edger,  right  or  left,  1  in.  turned  edge,  %  in. 
radius,  3  in.  wide  ftnd  0  in.  long,  costs  67  ct. 


ClBCLE  Edgebs 


tin.  radlDi,  each  . 
in.  Todias.  each   . 


A  square  edger  3  in.  wide,  «  in.  long,  both  ed^B  rounded, 
with  I>^-in.  cutting  edge,  costs  83  ct.  Bevel  edgers,  2%  in.  wide, 
6  in.  long,  with  either  %-in,  bevel  or  %-in.  bevel,  can  be  bought 
at  57  el.  each.  Corner  tools,  one  end  straight,  the  other  curving 
back,  6  in.  long,  IV<  in.  wide,  alno  cost  67  ct.  each.  Ciirhing 
pdgcra  with  2  in.  turnpd  bnck  with  rndius  of  1^  in.,  31*  in.  wide, 
01^  in.  long,  cost  $1.2f)  each,  Hailed  (tuck)  pointers,  %^  14, 
«a.  %  »T  ii-in.  Bi^c,  co.t  50  ct.  each. 

Long  handled  finiithing  tools  cost  as  follows: 

Trowel  with  one  long  adjiistahle  handle,  one  short  handle,  one 
wrench;  price  15  in.,  S4.50;  24  in.,  $G.<iO.  Jointer,  with  one  long 
handle,  one  short  handle,  one  wrench;  price,  $4.50.  Edger,  same 
equipment,  $4.50.     Six-ft.  compasses,  $3.85. 

Long  Handled  Sidewalk  Tools  with  patented  double  action 
device  cost  as  follows: 

Finishing  troirel,  II  in.  long,  5  in.  wido  T-M  ' 

Float,  21  in.  long,  B  in.  wide 7.50 

Divided  float,  1«  In.  long,  6  in.  wide  7.50 

Joinlrr.  18  in.  kihg,  5  in.  wide  7,00 

"■— '--idet,  10  in.  long,  S%  ir       "-  '" 


Edgar,  10  in.  long,  i%  id,  oida 
haodl)^ 

oueh  5 


Dng    handlPd    lidevalk    marhei.    «teel  blade,    0  ft.    handle,    that   will   c 
ihroueli  '  ■-      ■ "  " 


,-,  S  in,  equorc  wiih  t  ft.  hsridlB  coat  JliO.    10  in.  square,  *!. 

Dirt  r»mmer,  S  in,  dia,.  JIEH, 

Sl'M'l  eronf  cotter  with  (orsEd  (teel  hiade  SO  in."  lone.  4  In,  wide,  costs  $8. 

Sidewalk  mllfTK  i>-ith  line  patlerni,  6  ft.  handle,  7  to  12  in.  long,  iron,  eoat 

$3,75.    Dm  pBtlern,  H,Z5. 
Slecl  mortar  bni  hnvinn  an  ample  capocity  lor  W  cu,  yd,  weighs  approii- 

msteir  200  lb.  tin-  ihipment  and  ia  priced  at  114  t.  0.  b,  (actorj. 


.jn^tci;,  Google 


SECTION  27 
COHVEYOES 

Belt  OonTcyors  were  first  used  in  ISflS  and  since  that  date  have 
attained  great  popularity  a!>  a  means  of  conveying  all   sorts 
solid  materials.     The  great  advantagee  ot  belt  conveyors  are  the 
email  horsepower  required  to  drive  them,  their  noiseteaa  operation 
and   large  capacity, 

Power  Acquired.     In  a  concrete  mixing  plant  in  New  York  City 
a  belt  conveyor  24  inches  wide,  traveling  at  a  speed  ot  400  feet 


Fig.  94,     Diagram  Showing  Power  to  Operate  Belt  Conveyors. 

per  minute,  and  carrying  the  concrete  from  the  mixer  to  the 
forms,  required  but  I  horsepower  to  drive  it.  The  belt  which 
carried  the  materials  to  the  mixer  wae  20  inches  wide,  228  feet 
long  and  had  a  rise  of  34  feet.  It  traveled  at  a  sliced  of  350 
feet  per  minute  and  required  but  6  horsepower  to  drive  it  with 
its  load  of  100  tona  per  hour.  In  the  Transvaal  a  belt  with  a 
186 
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liorizontal  carry  of  200  feet  and  a  vertical  lift  of  48''^  feet,  eon- 
■veying  71,4  tona  per  hour,  required  8,1  horsepower  to  drive  it. 
A  belt  with  a  horizontal  carry  of  600  feet  and  a  vertical  lift  of 
^5%  feet  requireJ  S.B  Imraepower  to  convey  00  tona  per  hour,  and 
2.!)  horsepower  to  drive  the  unloaded  lielt. 

The  capacity  of  belt  conveyoTB  is  shown  in  two  diagrams 
(Figs.  94  and  95),  published  by  Mr.  R.  W  Dull  in  the  Chemical 
Engineer,  August,  1909.  These  are  based  on  good  feeding  con- 
ditions and  variations  ae  great  as  50%  are  likely.  Some  of  the 
curves  are  stopped  off  at  certain  sized  belts,  as  with  large  pieces 

Maiimum  tapaiity,  ToMptrK«ur. 


Fig.  95.    Diagram  Showing  Capacity  of  Belt  Conveyors. 

it  is  not  advisable  to  use  a  conveyor  any  narrower,  regardless  of 
what  capacity  is  required.  It  Js  advantageous  to  install  a  feeding 
device  of  some  kind  if  the  feed  is  irregular.  Materials  should 
be  delivered  to  the  belt  in  the  direction  of  motion  of  the  belt  and 
with  as  near  the  same  velocity  as  possible. 

Wear.  Small  belts  of  stitched  canvas  or  woven  cotton  are 
often  used  and  are  usually  well  oiled.  For  large,  permanent  con- 
veyors, rubber  belts  composed  on  a  cotton  duck  foundation  are 
most  satisfactory.  Mr,  George  Frederick  Zimmer  in  Caeaiei's 
Magazine  for  August,  190S,  gives  the  following  table  showing  the 
wear  on  different  materials  subjected  to  a  uniform  sand  blast 
for  46  minutes: 
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WoTCn  cothm  belt,  hiiA  cride  B^ 

Stilehed  dock,  hieb  fnSe   8.0 

Woren  eotton  belt,  low  srada  ».0 

The  rubber  eoTcring  performs  two  offices,  that  of  resiatisg  n 
and  that  of  preventing  moiBture  frofn  reaching  the  body  of  the 
belt. 

The  Nnmber  of  flies  Veoeuary  is  given  hy  Mr.  C.  K.  Baldwin 
Belie  12  to  14  inches  wide,  not  lees  than  3-plj;  10  to  20  inches 
wide,  not  less  than  4-plj;  22  to  2S  inches,  not  less  than  S-ply,  and 
30  to  36  inches,  not  less  than  6-ply,  The  tension  on  a  belt  must 
not  be  more  than  20  to  25  Ih.  per  inch  per  ply  and  a  |;;ood  belt 
should  have  a  breaking  strain  of  400  lb.  per  inch  per  ply. 

Belts  are  usuftlly  troughed  because  this  increaaea  the  capacity. 
A  BufScient  number  of  idlers  should  be  provided,  as  this  lessens 
the  chance  of  damage.  Idlers  should  be  kept  well  lubricated  v 
a  viscous  lubricant  as  oil  is  liable  to  spill  on  the  belt, 
best  method  of  Joining  belts  is  with  a  butt-joint  held  t^ether 
by  clamps. 

Coits.  For  contract  purposes  the  belt  conveyor  is  generally 
mounted  on  a  more  or  leas  elaborate  wooden  framework,  housed 
or  otherwise,  the  cost  of  which  must  be  estimated  in  aoct^dance 
with  the  special  conditions  and  design  of  the  outflt.  The  belt 
conveying  apparatus  proper  conaiats  uf  a  driving  mechanism, 
which  is  often  belted  or  sometimes  directly  connected  to  electric 
motors;  the  idlera  and  belts;  and  the  troughing  rollers. 

The  following  notes  on  the  costs  of  belt  conveyors  are  taken 
from  "  Mechanical  and  Electrical  Coet  Data,"  by  Gillette  and 

In  taking  up  the  cost  of  belt  conveyors,  the  questions  of  deterio- 
ration and  amortization  must  be  duly  conaidered.  In  the  handling 
of  certain  materials,  lighter  and  cheaper  belts  —  and  the  belt  ii 
the  moat  eipengiTe  item  entering  .into  Uie  equipment  of  a  bell 
conveyor  —  may  sometimea  be  recommended  than  that  required  for 
more  severe  service;  but  ordinarily  the  best  grade  of  belt  is  none 
too  good,  no  matter  what  service  it  may  be  subjected  to.  "" 
large  capacity  of  the  equipment  makes  the  question  of  initial  cost 
of  secondary  importance.  The  general  formula  given  in  Fig.  96 
and  the  costs  graphically  depicted  thereon  are  those  for  the  a' 
age  high  grade  belt  conveyor  with  suitable  rubber  belting  and 
well  designed  grease  lubricated  idlers.  The  cost  of  the  belt  is  in- 
cluded in  the  first  term  of  the  second  member  of  the  formula,  bo 
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tbat  ttie  coat  of  the  conveyor  with  a,  cheaper  belt  it  readily  ob- 
tainable from  the  same  formula  aimply  bir  reducing  the  coefhcient 
of  the  length  by  the  difference  of  the  cuet  of  two  ft.  of  high  grade 
rubl>eT  belting  with  that  of  two  ft.  of  the  cheaper  belt.  Conveyors 
equipped  with  hall  bearing  idler,  etc.,  coat  ahout  5%  more  than 
the  figures  indicated  by  Fig.  96,  but  thia  difference  in  cost  is 
frequently  offset  on  shipments  to  distant  points  by  the  decreiaBe 
in  freight  rates,  bciH  bearing  idlers  weighing  leHs  than  grease  or 
oil  lubricated  idlers. 

An  arbitrary  charge  which  covers  most  simple  installations  <A 
belt  conveyors  of  ordinary  length  is  about  1.5  cents  per  hour 
per  inch  width  of  conveyor  for  installations  with  grease  lubri- 
cated idlers,  or  a  charge  of  1  ct.  per  in.  width  for  conveyMs. 
equipped  with  ball-bearing  idlers. 


Fig.  86.     Average  Cost  of  Standard  Troughcd  Rubber  Belt  Con- 
veyors with  Greaae  Lubrication. 

The  expense  entailed  for  grease  or  oil  and  the  other  incidental 
supplies  required  to  keep  the  equipsoent  in  good  operating  condi- 
tions is,  in  a  conveyor  in  frequent  use,  very  nearly  directly  pro- 
portional to  the  hp.  consumed  in  iJperating  the  conveyor,  and 
averagea  about  0,G26  ct.  per  hr.  per  hp.  Of  this  charge  about 
0.5  ct.  per  hr.  is  the  cost  of  the  grease  required,  so  that  the  aver- 
age supplies  charge  for  roller-bearing  conveyc«'s  is  but  about  0.125 
ct.  per  hr.  per  hp,  consumed. 

Deterioration  and  amortization  of  belt  conveyors  constitute  an 
exceedingly  complicated  subject  and  one  that  here  must,  perforce, 
be  treated  in  a  very  general  manner.  Depreciation  is  due  not  Mily 
to  wear  but  to  constant  and  quite  apparent  continuous  deteriora- 
tion of  the  belts,  whether  they  are  in  use  or  not,  so  that  the  de- 
preciation charge  is  little  affected  by  careful  use,  provided,  of 
course,  that  the  equipment  ia  operated  a  reasonable  amount  of  the 
time.  Thia  deterioration  is  largely  due  to  the  hardening  of  the 
rubber  cover  and  the  loss  of  resiliency,  and  is  more  apt  tor  be  ac- 
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centuated  b;  idleness  than  by  Rane  and  careful  use.  The 
of  the  mechaniem  is  not  more  greeXly  affected  than  other  mechan- 
ical njiiipment.  if  well  cared  tor  and  not  abused.  Ordinarily  a 
depreciation  charge  of  about  25%  on  the  belt  and  about  10^  on 
the  balance  of  the  eiiitipment  covers  all  reasonable  wear  and  tear: 
the  general  formula  on  I''ig.  07  ia  baspd  on  such  apportionment. 
The  curves  shown  are  plotted  from  data  compiled  in  a  mort 
tricate  and  exacting  manner,  but  the  diecrepancy  between  the 
results  obtained  from  the  general  formula  and  the  rcadioga  de- 
rived from  the  ehart  ia  so  slight  that  dependence  may  be  placed 
on  either  the  figure  readinga  or  the  formula.  For  conveyors 
with  roller-bearing  idlers  the  depreciation  charge  is  reduced 
.about  10%. 


II 


Fig.  97.     Annual  Depreciation  of  Standard  Belt  Conveyors. 

Belt  conveyor  installations  are,  of  course,  subject  to  the  uauat 
burden  of  fixed  charges,  consisting  of  interest  on  investment,  ' 
insurance,  and  taxes.  These  ordinarily  amount  to  about  8.5%  of 
the  initial  cost  per  year  {6%  interest,  1%  insurance  and  2%  of 
three  quarters  of  the  value  of  the  property  for  taxes). 

Note.  At  speed  of  300  ft.  per  minnte  a  12-in.  belt  should  not 
carry  matoiial  more  than  i/j-in.  in  diameter;  8-in.  belt,  material 
not  more  than  I'/j-in.  in  diameter;  24-in.  belt,  not  larger  than 
3-in.;  30.in.  belt,  not  larger  than  4-in.;  3fl-in.  belt,  not  larger 
than  6-ln.  In  diameter. 

When  speeds  up  to  800  ft.  per  minute  are  used  material  latter 
than  2-in.  size  is  not  likely  to  stay  upon  the  largo  belts  and  for 
material  1-in.  and  larger  a  belt  no  smaller  than  I8-in.  should  be 

Eeonemle  Speeds  of   CouTcrori  for  Tarloni  Katexlali.    The 

following  tables  appeared  in  Induttrial  management,  Nov.,   IDlfl, 
in  an  article  by  Mr.  R.  Trautsthold. 
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Economic  Spkds  of  Belt  CoNveross  fob  Vabious  &1a.tebiai>9 

ATerase 

weiihlinlb.  Bpeed  Id 

Ualerial                                                            per  cD.  11.  (t.  p«t  min. 

Coke. SJ^  SBO 

Broken  atone  (eouM)  1«6  ZI5 

IiDop  «wl  U>  275 

Aaliea    «  300 

Lime  and  wment  K  SCO 

Ore    (aTeraEe)    IK  360 

Oraehed  atone  1«0  3're 

Sand  and  p-aral  UO  MB 

Fine   cos]    60  «0 

Economic  Speeds  fob  Bitcket  Cohyetohs  fob  Vabioub  JIatebiau 

Adiiaable 
Material  V-er  min. 

Coke    ,..« « 

Brokeu  ■lone  (eoane) BO 

Lump  roel,  run  of  mloe BO 

Ore  (a»erajt)   TO 

Crushed  ilonn 70 

Sand  and  gravel  TO 

FiDB  coal  80 

Tlie  following  notes  on  belt  conveyors  for  concreting  material 
appeared  in  Engineering  fleieg,  'Sov.  26,  1014. 

Belt  convejom  liave  been  installed  at  Randall's  and  Ward's 
lelands,  New  York  City,  for  handling  concrete  niatcrial  from 
Bcows  to  storajte  piles,  in  the  construction  of  the  Hell  Gate  Bridge, 
croBBing  the  East  River.  The  belt  at  Ward's  Island  ia  380  ft. 
long  by  24  in.  wide  and  inclined  at  21".  At  Randall's  Island  a 
20-in.  belt  is  used. 

The  receiving  dock  for  materials  at  Ward's  Island  ia  double- 
decked.  The  loose  materials  are  unloaded  from  the  scow  into  a 
common  hopper  on  the  upper  deck  of  the  dock,  by  a  derrick 
equipped  with  a  grab  bucket,  located  on  the  dock.  The  belt  is  fed 
by  a  chute  from  the  hopper.  The  bags  of  cement  are  lifted  from 
Ihe  Bcow  in  O-bag  slings,  by  means  of  a  gasoline  hoist  on  the 
scow.  Four  men,  working  two  and  two,  unfasten  the  alings  and 
place  the  individual  bagti  on  the  belt.  As  many  as  1500  bags 
per  hour  have  been  handled  in  this  manner  without  confusion. 

The  sand  and  stone  or  gravel  are  Hfled  by  the  belt,  above 
storage  piles,  where  thpy  are  dropped  by  a  tripi>er.  From  the 
piles  they  arc  later  rchandled  into  cars  For  distributing  to  differ- 
ent parts  of  the  work.  Coal  for  the  dinkey  engines  is  conveyed 
by  the  belt  in  the  same'  manner.  The  bags  of  cement  are  dis- 
charged from  the  belt  on  a  table  in'  a  storage  house,  where  they 
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The  nvmber  of  men  empli^ed  on  this  work  at  Ward's  Island  i: 
an  follows:  A  gaiioline-hoiat  operator  on  the  scow;  a  man  ti 
direct  the  sitog;  three  to  make  up  the  slings;  four  to  place  thi 
bags  on  the  belt;  one  to  operate  the  tripper,  and  12  to  15  mei 
in  the  cement-Etorage  room. 

At  Randall's  Island  the  scheme  of  handling  is  essentially  th?  ' 
sam^  but  insUad  of  haying  «  separate  hoist  for  the  cement,  the 
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one  derrick  on  the  dock  unloads  all  materials.  To  handle  cement 
out  of  the  scow,  the  grab  bnckpt  is  lowered  into  the  scow  aud 
aluut  12  bags  plared  in  it  and  lilted  to  the  dork.  At  this  plant. 
alMo,  a  second  bell,  IS  in.  wide,  runs  from  the  storage  piles  to 
the  coDiTcle  mi\er. 

Mr.  Kdwio  11.  Uessiter  saj-a  that  for  ordbary  mine  run  ore 
the  largest  lumps  at  which  do  Dot  contain  aver  1  cubic  foot,  a 
30-in.  conveyor  is  suitable.  Sizes  of  lumps  which  may  be  carried 
by  the  sereral  sizes  of  conveyors  are: 
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Lumps 
12  In, 

ll 

Contejor 

•Tom  per 
6MI 
260 

bou 

^> 

capscity 

for 

re  weighiue  100  lb. 

per 

cu.  (t 

at.. 

up  to 

400 

ft. 

per 

minute 

may 

be  u 

sed 

and 

700  ft 

Inclination  ehould  be  limited  to  20°  from  horizontal,  but  20° 
nar  be  uped  witb  steady  feed  and  fine-  material.  Life  of  belts 
caries  with  tonnage.  If  correctly  designed  and  made  of  proper 
materials  on  large  conveyors,  belt  renewals  will  approximate  0.1c. 
p?r  ton  of  ore.  Cost  is  (•reater  on  Email  conveyors  than  on  large 
on*a.  Horsepower  required  n-ill  average  about  0.00015  hori*- 
power  per  ton  per  foot  of  horizontal  distance  carried,  plus  0.001 
horsepower  ton  per  foot  of  height  elevated. 


Fig.  SO.    Movable  Tripper. 

Belt  convejiDr  G<]uipraent  of  one  make  costs  as  follows: 
Avtamatic  Tripper.  Theite  trippers  are  desijrned  to  distribute 
tnalerial  carried  liy  belt  ronveyors  on  long  piles  or  large  bins. 
ITiPj  travel  on  a  track  betwct'o  two  points,  automatically  re- 
kerning  and  didchur;;ing  their  loads  continuously.  They  can  be 
io  regulated  aa  to  dLstharge  at  one  point.  TUo  foll'uving  gives 
:hc    approximate   priceti   of   these   trippers   without   chutes: 

nidlh  of  belt  Widlb  of  belt 
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Hand  Propelled  Trippen  dUcbarge  materials  at  fixed  points 
to  whicb  they  are  moved  along  a  track  by  hand.  They  cost  a 
follows  without  chute: 


Trongrhing  Idlers  and  return  idlers  with  side  clamp   boxes  for' 
wood  stringers  cost  alraiit  as  follows: 


arnrr 

Fig.  100.    Troiighing  and  Ileturn  Idlers. 


Flight  CoBTeron.  The  following  is  taken  from  "  Mechanical  and 
Electrical  Cost  Data."  When  j^reat  quaatitiss  of  material  which 
is  Dot  liable  to  damage  by  direct  contact  with  the  propelling  flights  i 
have  to  be  handled  at  a  rapid  rate  in  a  limited  space,  when  tbe  j 
cost  of  power  is  not  a  governing  condition  and  the  initial  invest- 
ment is  a  serious  consideration,  flight  conveyors  are  frequenllv 
reported  to.  Their  capacity  .is  great  owing  lo  the  compact  loaii 
per  foot,  notwithstanding  tbe  comparatively  low  speeds  at  which  i 
they   have  to  be   run. 

As  in  the  case  of  belt  conveyors,  tbe  economic  speeds  for  various  | 
materials  vary  con  aid  era  lily,  and  the  economic  value  of  a  flight  . 
conveyor  depends  upon  its  operation  at  tbe  highest  speed  suitable  ; 
for  the  load.     Good  practice  is  listed   in  Table  II. 


r/OXYEYORS 
Table  II 


Cruahed  a 

Sand  and 
Fina  co*l 


Fig.  101.     Horsepower  RequiromentB  of  Flight  ConvpyorB. 

A  geoeral  formula  for  ca  leu  luting  the  power  requirements  of 
fliglit  conveyors  with  double  strands  of  chain,  the  usual  type 
fouiiil  in  the  manufacturing  plant,  and  a  graphic  presentation  of 
calculated  reBults  are  given  in  Fig.  101.  The  rednctbn  In  power 
cunitumpl ion  carried  by  equipping  the  flijjhta  with  rollers  or 
wheels,  ia  not  ob  great  as  is  generally  claimed,  fur  the  main  con- 
aumptioD  of  power  in  any  (light  conveyor  is  in  dragging  along 
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the  load,  the  power  consumed  in  drawing  forward  the  chains  and 
flights  being  appreciably  aecondarj'.     Sliding-Hhoe  flight  convey 
when   fully   loaded,   consume   but   about   10%   more   power   than 
similar   flight   conveyors    in    wliich    the    flights   are    mounted    i 
rollers.     Equipping   the   flights   with   rollers   adds   to  their   co 
to  some  extent,  but  reduces  the  rate  of  depreciation,  and  ia 
reality  an  economic  gain. 

The  depreeiation  of  flight  conveyors  ia  naturally  rapid,  for 
the  load  exerts  at  very  destructive  scouring  or  abrasion  on  both 
the  flights  and  the  trough.  This  deterioration  is  naturally  much 
more  pronounced  when  handling  certaiu  materials  than  it  is  when 
less  destructive  materials  are  dragged  through  the  trough.  The 
deterioration  due  to  the  handling  of  certain  materials  is  so  i 
much  more  marked,  in  fact,  that  the  character  of  the  load  n 
be  taken   into  consideration  in  any  reliable  investigation  of  the 


1=1 


Fig.   102.    Depreciation   Factors  tor  Standard   Flight   Conveyors. 

average  depreciation  charge.  Arbitrarily  assuming  a  convenient 
basis  of  comparison,  an  average  depreciation  factor  is  arrived  at 
in  the  general  formula  on  Fig.  102,  which,  when  multiplied  by  the 
"  depreciation  factor  coefficient "  given  on  the  same  chart,  gives  the 
average  annual  depreciation  in  dollars.  The  depreciation  amounts 
to  about  the  same  in  similar  conveyors  whether  they  are  equipped 
with  sliding-shoe  flights  or  with  roller  flights,  although  the  rate  of 
depreciation   is  slightly  less  for  the  more  cfllcient  type. 

Flight  conveyor'*  are  usually  shorter  than  belt  conveyors,  and  in 
addition  they  require  more  attention  in  the  way  of  opening  gates, 
etc.,  so  that  the  labor  charge  per  ft.  of  conveyor  is  higher  than  in 
the  case  of  belt  conveyors,  and  averages  between  2  and  3  ct.  per 
in.  width  of  conveyor.  It  is  not  correspondingly  higher  per  ton- 
nage handled,  however,  because  of  the  large  capacity  of  a  flight 
conveyor  of  the  same  width  and  length  of  flight. 

The  charge  for  incidental  supplies,  as  in  the  case  of  belt  con- 
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vejoTB,  IB  almoBt  directly  pTOportional  to  the  power  requirementB; 
and  SB  a  number  of  incidentEil  repairs  :^an  li^ically  be  charged  to 
the  same  expense,  safe  flares  for  this  Item  are  2  ct.  per  hr.  per 
hp.  for  conTefors  with  sllding-Ehoe  Sights  and  about  10%  lesB, 
or  i.8  ct.  per  hr.  per'hp.  consumed,  tor  conveyors  in  which  the 
flights  are  furniehed  with  rollers.  The  incidental  repairg  on  the 
latter  type  of  conveyor,  chargeable  to  the  item  of  "  Supplies,"  are 
leas  costly  than  those  on  flights  with  sliding  shoes,  but  the 
lubrication  charge  is  higher,  so  that  the  saving  of  the  more 
effifrient  construction  is  only  about  10%. 

The  burden  of  interest  on  investment,  insurance,  and  taxes  is 
proportionally  no  higher  than  in  the  ease  of  other  conveying 
equipment  and  on  the  average  amounts  to  about  SM%  per  year 
of  the  initial  cost  of  the  installation,  in  addition  to  which  there 
is  usually  an  annual  renewal  charge  of  about  20%,  which  ia  in 
excess  of  the  depreciation  usual  to  other  conveyors. 

Belt  Elerator.  The  life  of  belts  of  the  same  grade  varies  widely 
between  limits  according  to  tonnage  carried,  the  length  of  belts, 
and  the  economic  layout  of  the  whole  arrangement.  On  large 
belts  of  course  the  cost  for  repairs  per  unit  ot  material  delivered 
will  be  considerably  smaller  than  on  small  belts.  For  special 
work,  such  as  crusher  plants  and  outfits  of  similar  kind,  the 
operation  is  almost  automatic  and  with  the  exception  of  renew- 
als which  can  be  made  rapidly  there  is  practically  no  interrup- 
tion to  continuous  service. 

At  the  Union  Stock  Yards  in  Chicago  a  belt  carrier  with  24-in. 
x24in.  buckets  and  a  vertical  lift  of  58  feet  with  a  38-ft.  hori- 
zontal run  had  been  in  operation  about  five  years  handling  an 
average  of  2,500  tons  of  coal  per  week,  with  no  cost  for  repairs, 
and  in  1908  was  not  likely  to  need  repairs  for  another  five  years. 
In  Pittston,  Pa.,  operating  on  a  25°  incline  and  conveying  coal 
355  feet  with  48-in.  wide  bucketg,  a  belt  carrier  installed  in  1B02 
handled  130,000  tons  a  month  and  after  four  years  was  in  excel- 
lent condition.  Coat  of  repairs  averaged;  material,  .04c  per  ton 
handled;  labor,  .06c  per  ton  handled,  these  repairs  being  the  re- 
newal of  the  carrier  rollers  and  the  driving  pinion  of  the  head 
gear. 

The  illustration  (Fig,  103)  shows  a  twenty-four  inch  conveyor 
one  hundred  feet  long  supplied  Charles  F.  McCabe  of  the  Robins 
Conveying  Belt  Co.,  tor  removing  10,000  cubic  yards  of  earth 
and  rock  at  ISlst  street  and  Jerome  avenue,  New  York.  The 
picture  shows  the  very  disadvantageous  circumstances  under 
which  such  a  belt  conveyor  will  work  to  advantage.  Earth 
WB«  shorel^  on  to  the  conv^or  by  hand  and  was  discharged 
from  the  head  end  to  wagons.     Pieces  larger  than  a  man's  head 
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were   fref|uently   placed   on   the   conveyor,   and  were   carried  9 
cesstully,  although  it  ran   at  times  at  an  upward  inclination  ol 
over  23  degrees.     A  Mundy  engine,  located  in  a  pit  beneath  ttiv 
tail  end,  drove  the  conveyor. 

In  the  installation  illuatrated  and  described  in  the  foregoing 
it  was  impOEssible  to  support  the  conveyor  by  any  other  than 
the  most  crude  supports.  This  fact,  however,  did  not  interfere 
with  the  successful  operation  of  the  conveyor,  nor  did  it  injure 
the  machinery  to  any  appreciable  extent.  The  belt  itself,  when 
the  work  was  completed,  showed  little  signs  of  wear. 


Fig.    103, 

Figure  104  shows  a  Robins  Belt  Conveyor  used  by  Ryan  4 
Parker  in  excavating  for  the  foundation  of  the  power  house  of 
the  New  York  Gas  and  Electric  Light,  Heat  and  Power  Co.  The 
earth  was  delivered  to  the  conveyor  from  wheel  scrapers  through 
bridges,  and  the  excavating  was  done  by  practically  the  same 
means,  employed  more  recently  by  F.  M.  Stillman  &  Co.,  for  their 
work  at  East  I2th  street.  New  York.  The  conveyor  was  driven 
at  \ta  head  end  by  a  small  horizontal  engine,  very  little  power 
being  required.  It  was  subjected  to  the  roughest  kind  of  usage; 
rocks  weighing  over  100  pounds  were  constantly  dumjwd  upon 
it,  hut  never  caused  a  moment's  stoppage  during  the  entire 
work.  The  width  of  the  belt  was  30  inches,  and  the  actual 
quantity    removed    exceeded     1 ,200    cubic    yards    per    day.     Tb*  I 
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work   waa  all   done  during  very  cold   weather,   in   December   and 
January. 

A  Steel  Incline  and  Tipple  is  often  used  to  convey  earth  from 
a  Bteam  shovel  to  the  top  of  a  high  hank  where  it  is  dumped. 
Such  a  machine  ia  illustrated  in  Figs.  10-i,  106.  The  steel  trusa  of 
tile  incline  weighs  H,-500  Ih.,  and  the  total  load  of  boilers,  with- 
out cars,  etc.,  is  100  tinis.     The  engines  are  11-in.  xlS-in.,  double 


cylinders,  and  their  coat  with  the  boiler  vias  $2,700.  The  shovel 
cut  was  20  ft.  wide,  18  ft.  deep  and  the  best  month's  record  was 
'MIt  cubic  yards  per  10-hour  shift.  The  whole  machine  cost  about 
Sl.OOO,  prior  to  1912. 

Estimated  Cost  of  Unloading  and  Storing:  Coal  with  T  Backet 
Xlerator  CouTeyor.  The  following  notes  by  Mr,  G.  F.  Carver 
appeared  in  the  American  Wool  and  Cotton  Reporter,  May  20, 
1920: 

Unloading  a  car  of  coal  by  hand  requires  about  twenty  hours 
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labor,  and  with  gix  men  it  Teijuires  from  three  to  four  lioura,  or 
possibly  more,  depending  on  the  efficiency  of  the  men.  The  ciwt 
to  unload  and  trim  coal  hack  from  care  by  hand  is  from  $20  to  ¥30 

With  the  use  of  a  concrete  track  hopper  and  a  V-hiicket  olovalor, 
with  supporting  frame-work,  ooal  can  he  unloaded  from  ears  bv 
one,  or  not  more  than  two  men  at  the  rate  of  a  car  per  hour, 
and  at  a  cost  of  about  $3.00  per  car  for  power  and  labor.  The 
cost  per  car  cliargeablc  to  inlcrest  on  the  investment  iit  tlie 
unloading  plant  and  for  depreciation  in  the  machinery  runs  from 
$4,00  to  SS.OO  per  car,  according  to  the  yearly  tonnage  handled, 
making  a  total  cost  to  unload  of  $T  00  to  $11.00  per  car,  against 
$20.00  to  $30.00  for  hand  unloading. 

The  total  cost  of  a  discharging  plant,  including  a  concrete  track 
hopper,  a  V-bucket  elevator-conveyor,  and  supporting  structure 
for  same,  with  chute  to  ground  storage,  will  run  from  $4,000  to 
$10,000,  according  to  its  height  and  the  amount  of  coal  to  lie 
stored.  The  coat  will  also  be  governed  somewhat  by  the  condi- 
tions at  the  site  of  the  proposed  work,  such  as  condition  of  the 
ground,  availability  of  labor  ^nd  material,  etr. 

As  a  comparison  of  the  cost  to  unload  and  store  a  oar  of  coal 
under  certain  conditions  the  following  table  of  estimated  costs 
is  of  interest; 


carHracplvM    Co-titln-    and  rK>w>>r    di>pri>cia-       coat  per  Cost 

jwr  yesr        Btnllation       per  cm      tion  per  car         i-w  per  ton 

50  ttAOO  tS'OO  iiAa  til  .40  Z^.Sct. 

109  Bnn»  3.00  e,50  9s»  1.0.0 «. 

150  fiOOa  3.K0  6.3J  8.20  16.4  cl. 

200  7500  S.OO  4.87  7.8?  .    15.74  ct. 

Portable   ConTcyors,   mounted   on   wheels   and  having  a    self 

contained  power  unit  which  may  be  either  a  gasoline  engine  or 
electric  motor,  have  many  uses.  They  can  load  materials  from 
storage  piles  into  wagons,  or  from  wagons  or  trucks  to  storage 
piles,  or  in  combination  with  lived  conveyors  can  build  up  high 
storage  piles.  These  machines  are  efficient  in  that  they  greatly 
decrease  hand  shoveling  and  also  cut  down  haulage  costs  by 
reducing  the  loading  time  for  trucks.  Figures  107  and  108  illus- 
trate two  of  the  u^cB  of  portable  conveyors. 

These  conveyors  hsve  proved  their  ability  to  reduce  handling 
costs  from  50  to  90%.  Single  units  have  replaced  from  3  to 
20   men. 
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In  the  service  of  the  WcBtem  United  Gas  A  Electric  Co.  at 
its  plant  in  Joliet,  lit.,  two  B-G  portable  belt  conveyors  are 
operated  in  series  in  loading  coke  into  railway  cars.  Theae 
eara  are  loaded  in  from  two  to  four  hours,  according  to  aize 
and  type,  with  lesa  than  half  the  labor  that  was  previously  Te- 
riuired  to  load  them  in  from  7  to  10  hours.  The  saving  in  coat 
is  about  60%.  This  is  typical  of  results  secured  by  use  of  con- 
veyors in  many  places. 

For  elevating  at  an^flea  under  25°  a  plain  belt  la  employed. 
For  angles  of  30°  to  33°  a  belt  eqiiippetl  with  steel  flights  ia 
provided  to  prevent  the  material  slipping  down  the  grade  For 
chemicals  that  will  corrode  metal  conveyors  of  similar  design 
are  provided  with  wooden  frame". 


Fig.    107.     Sketch   Showing   How   Conveyor   Is   Used   to   I<oad   a 
Railroad    Car   from   a   Motor   Truck — the    Truck    Dumping 

Directly  into  the  Hopper  End  of  the  Conveyor. 
Fig.    108.     Sketch   Showing  the   Use   ot  Permanent   Conveyor,   a 
Chute  and  Portable  Conveyor  for  Building  Storage  Piles  Well 
Batk  from  tlic  Itailroajl  Track. 

Cost  of  Loading  Bricks  into  a  Box  Car  TTstng  a  Portable  Belt 
Conveyor.     The  followinf;  oliservationa  are  by  Mr.  A.  C.  Haakell 

in  Ungineering  and  G<mtracling,  Sept.  15,  1015.  The  bu.'v  car  was 
on  a  aiding  and  Ihc  bricks  were:  (a)  in  piles  about  30  ft.  uway 
Hnd  (b)  brought  in  on  small  Mat  cars  on  an  industrial  track 
parallel  to  and  about  40  ft.  from  the  siding. 

Tliu  conveyor  was  mounted  on  two  wheels  ot  about  4  ft. 
diameter,  and  waa  driven  by  a  small  motor  aupported  on  the 
frame  work.  The  belt  was  20  in.  wide,  20  ft.  long  iind  had  a 
speed  of  240  ft.   per  min.     The  lower  end  was   1.5  ft    above   the 
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ground  anil  th«  upper  end  about  2   ft.  above  the  car  fluor  and 
extending  about   a   fnot   within   the   car. 

One  man  stood  at  the  foot  of  the  conveyor  find  rcFcired  brirks, 
tour  at  a  time,  passed  to  biro  by  two  olhcra  alternately  froB 
the  piles  and  placed  them  on  the  conveyor.  Two  men  Htandins 
at  either  side  of  the  belt  in  the  car,  took  them  oil  and  paiwtd 
them  alternately  to  two  others,  at  either  side,  who  piled  them 
in  the  car.  The  following  time  study  was  made  when  loading  from 
the  piles:  . 


On  this  basis  in  an  3  br.  day  41,01)0  brirks  would  be  loaded, 
which  is  between  3  and  4  carloads.  Allowing  45  min.  for  shifting 
the  conveyor,  etc.,  the  total  would  be  reduced  to  37,700. 


I19.TS 

or  $in.75  -^  37.7  =  52-4  ct.  per  thousand. 

Therefore  to  load  a  car  with  12,000  bricks  which  is  about  the' 
average  would  cost  $0.30. 

A  time  study  was  made  when  they  were  unloading  the  bricks 
from  the  tiat  Kuppel  cars  with  wheelbarrows  and  tranoporting 
them  to  the  conveyor.  The  averajje  number  of  men  loading  wis 
two,  and  the  average  numher  of  lirieks  per  wheelliarrow  was  73- 
The  distance  of  travel  to  the  foot  of  the  conveyor  was  30  ft. 
The  average  lime  to  deliver  the  load  of  each  wlieulliarrow  was  2,57 
min.  On  this  liasis  the  total  numlier  of  bricks  handled  per  daf 
by  the  three  wheelbarrows  would  be: 

480 


I   before,   the  time  to  shift,  the  number  would   be 


.    15.75 


idinK*t  11.71  I  J» 

loaiiorllnj:  at  $1.75 

conTi-Tor  at  11.75 

a  ■(  n.so , 

■t  tO-WI  , 
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or  $28.50-1-37  =  72^  ct.  per  thousand,  or  at  the  rat«  of  $6.26 
pi«r  carload. 

Cost  of  Sooop  ConTefon.  The  following  table  gives  the  cost 
of  Bcoop  conveyora.  Thew  conveyors  may  be  had  with  either  a  low 
cleat  lielt  or  a  high  flight  belt.  The  low  cleat  Itelt  U  used  for 
i-onveyinp  botes,  tile,  brick,  stone,  sand,  grsvel,  etc..  and  the  high 
flight   ie  intended  only   to  handle  coarse  gravel   and  large   lump 

Siie  ot  macbine  Appraximiits  Bhippin(  Price 

width  of  belt        lengCb  weigbl  In  lb.  t.  o.  b.  factor; 


The  above  prices  are  for  conveyors  with  power  unit  included. 
This. power  unit  may  be  either  a  gasoline  engine  or  electric  motor. 


c.  Google 
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Machines  for  crushing  rock,  ore  and  similar  hard  luateriaU  arc 
iD  two  UBiial  forme.  Jaw  crushers  and  gjratory  cruslmrs.  Jaw 
crusherx  are  usually  of  smaller  capacity  than  are  gyratory  crush- 
ers.    The  jaw  crusher  operates  in  general  in  the  following  man- 


Fig.  109.    Jaw  (.rusher 

end.  At  a  point  between  the  power  end  of  thid  arm  and  the 
fulcrum  is  a  ■'  tosgle  "  to  which  is  imparted  a  forward  and  batk- 
ward  movement  liy  the  arm  and  which  in  turn  imparts  the  same 
movement  to  the  lower  end  of  a  corru)>ated  ateel  or  cast  iron 
crushing  plate  free  at  its  lower  and  hin|^  at  its  lip|ier  end. 
Opposite  this  plate  is  a  somewhat  Hmaller  Axed  plate  and  the 
two  together  form  the  "  jaws,"    By  changing  the  toggle  for  a 
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larger  or  smaller,  the  "  set "  or  size  of  the  opening  at  the  bottom 
of  the  jawa  is  regulated,  and  thereby  the  Bize  of  the  product.  The 
"  jaw  opening"  is  the  width  b;  the  length  of  the  opening  between 
the  upper  eqds  of  the  rrubhing  plates  and  determines  the  great- 
est  size  of   atone  that  can  be  introduced. 


Fig.  110.    Geared  Elevator. 

The  jaw  crusher  is  of  limited  capacity,  ita  product  is  not  uni- 
form, and  the  machine  itnelf  is  sul)ject  to  fre<|uent  breakages 
due  to  the  severe  shocks  it  has  to  austain.  For  these  reasons 
the  gyratory  crusher  was  invented  and  is  used  n'hiir^)'^ri,4i.unl- 
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form  product  of  great  qoantit;  is  esseDtiat.  The  principal  objec- 
tion ti)  il  U  Um  nun-poi  Ubilily.  In  tliU  type  of  cruitheT  a  per- 
pendicular nhaft,  to  wliicli  arf  tasleneil  thi;  inner  cruttliin);  plates,] 
revolves  with  an  eccentric  motion,  inside  of  the  stationary  outer  ' 
cru-(liLng  platef.  Thp  actions  of  the  inner  jaw  plates  are  l)olu 
rolling  and  l:ru^hill(^  TliP  huri/onlal  distanoe,  apart  of  tho  lower 
ends  of  the  concentric!  jaws  determines  the  size  of  the  product 
and  is  regulated  by  raiding  or  lowering  the  inner  jaw. 

JAW  CrUshebs 

Capatity,  tons  AppronimotB  Price 


Elevators 

Elevators  for  use  in  connection  with  crashers  are  illustrated 

hy  Fig.  110.    The  price  for  a  H  (t.  length  is  given  in  the  following 


14  250  14 

15  325  Ifi 

"  Back  Gear  Driving  Connection  "  is  an  arransement  for  driving 
the  elevator  and  screen,  particularly  used  with  the  smaller  sizes, 
and  takes  power  from  the  breaker. 

A  gravel  crushing  and  screening  pi  ant.  con  si  sting  of  an  elevator. 
the  frame  of  which  is  constructed  of  ateel  channels,  attached  to  a 
crusher  by  means  of  heavy  angle  bars  and  having  an  elevatoi 
with  extra  large  buckets  to  convey  the  maleriai  from  the  pit  tii 
the  crusher,  ca|>Ab[c  of  turning  out  about  15D  yd.  of  crushed  and 
screened  material  a  day  is  iltuslrated  by  Fig.  ill.  This  outfit 
weighs  about  20,000  lb.  without  the  power  unit  and  costs  $3,200 
f.  o.  b.  factory.     It  is  operated  hy  an  engine  or  motor  of  30  hp. 

A  portable  gravel  screening  plant  consists  of  a  portable  bin' 
with  revolving  screen  mounted  on  top  thereof,  an  elevator  of 
proper  length  attached  to  and  forminir  a  part  of  the  outfit  and  a 
hopper  placed  in  the  ground  under  the  elevator  into  which  the 
gravel  to  Ik  screened  is  put.  The  bin  has  a  capacity  of  20  tons 
and  is  driven  by  a  7  hp.  gasoline  engine  placed  under  the  bin. 
It  weighs  approximately  11,000  lb.  and  costs  $1,800  f.  o.  b. 
factory  without  the  engine. 
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A  Belf-o<ntained  portable  rig  conaistB  of  the  follDwiDg; 

M'heels,  Biles,  IruFk  frame  and  bin  estra  t  3tS 

Bin   uid  luvporls   ITS 

EleialDr  wlib  drlTinc  mectuniam  and  thule  icresn 130 

Croflhpr,  1  b)f  12  in MO 

QaHOliQf  «agine,  12  fap.  comiilete  ■'- w..- ,.,. .  74f 

Comiilete  rig  wllh  roUry  screen'"!!!!!!!!;!!!!!!!'..!!!!;;!.!    slfflB 


Fig.  111.    Portable  Crushing  and  Screening  Plant. 


GVRATOBT    C^USUEBS 

•XbrinK^ 

,...Kw 

10.OT0 

«.400 

22.000 

2.600 

Power  required  tor  the  above  crushers  is  from  6-10  hp.  for 
the  6-12  ton  size,  10  to  15  hp.  for  the  10-25  ton  size,  and  12  to 
20  lip.  for  the  20-18  ton  size.  This  type  of  crusher  is  illustrated 
by  Fig.  112. 

A  rcduclion  crusher  or  aecondary  crusher  of  Ihp  gyratory  type 
which  will  take  the  tailings  of  a  primary  crusher  up  to  4^i-in. 
cubes  with  a  minimuni  dietharge  opening  of  Vj->n.  weighs  about 
14,000  lb.  and  codts  $2,450  f.  o.  b.  factory.  This  machine  require* 
about  20  hp.  to  operate  it.  The  approximate  hourly  capacity 
with  a  ^-in.  opening  ia  from  10  to  12  tone,  and  with  a  1-in. 
opening  is  From  111  to  22  tons  per  hr. 

The  coHt  of  moving  a  Ox  IS  crusher  plant  with  non-portalde  bin 
a  few  miles  and  aetting  up  ready  tor  crushing  is  about  $126  under 
average  conditione. 

Bepaln.     Id  crushing  224,203  tons  of  rodi  in  I8BS~7  an  aver- 
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age  of  eight  wte  of  crnsher  apparatus  being  in  operation, 
foIlowiDg  new  parts  were  required. 

12  levera    ©  «5.00  t300,00 

S  lain'  plates  @    15.S0  iM,50 

12  jaw  plsles  &    12.00  144.00 

ToEEle*,  check  plfttfa  sad  sundries  SUM 

Total    ISJl.30 


Fig.    112.     Gyratory  Crushrr. 

or  an  average  of  a'bout  $100  per  crusher.     This  does  not  include 
liabljiting  tlie  bearing  or  labor  of  making  repairs. 
Repairs  for  Bolls. 

7  pBirs  lirea  @  »120  t   «40.«0 

Oear  wheeig  ind  pinion*  333.00 

Tool    11,175.00 

or  about  $147  for  eacb  pair  of  rolls.  The  tires  of  the  rolls 
used  for  coarse  crusliing  are  not  turned  when  worn,  but  are  re- 
placed by  new  ones.  For  the  screens  21  sets  of  perforated  plates 
@  $en.75  =  $1,275.75  were  required,  or  an  average  of  2.6  sets  per 
year  per  eereen.  Tlie  average  life  of  the  wearing  parts  of  a  jaw 
cruaher  is  therefore  about  eight  months;  a  set  of  screen  plates 
about   four  manthii. 

In  Camp's  "  Notea  on  Track  "  there  is  a  description  of  a  crush- 
ing plant  installed  by  the  Pennsylvania  railroad  for  the  crushing 
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of  track  ballaat.  It  consisted  of  a  gyratory  crusher  of  40  to  50 
cubic  yards  per  hour  capacity  and  a  smaller  Hiixiliaiy  crusher. 
The  stone  from  a  large  crusher  was  taken  bj  a  belt  coDveyor  to  a 
revolving  plate  screen  12  feet  long  hy  4Vj  left  in  diameter, 
divided  into  three  sections  having  one-incli,  two-incli,  three-inch 
lioles.  On  the  outside  of  the  one-inch  hole  screen  was  an  auxili- 
ary screen  of  Vj-inch  mesh.  The  rejected  material  was  led 
through  a  chute  to  the  smaller  crusher  vlience  it  was  again 
conveyed  to  the  screens.  After  the  atone  had  been  screened  it 
dropped  into  four  bins.  The  products  of  the  stone  were  17% 
Bireeninga,  S%  %-inrh  stone,  33%  l^-inch  atone,  42%  2U'inch 
iit»ne.  From  the  bins  the  materisi  was  chuted  directly  into  cars 
Tliiii  plant  WSJ  operated  by  a  ISO-horaepotrcr  ea|jine.  The  labor 
necessary  consisted  of  one  fircmsn,  one  oilir  and  fonr  laborers 
whose  total  wages  per  hour  were  (1,1!H<..  The  repairs  and 
renewal  of  broken  parts  cost  (500  for  four  hundred  working 
hours.     The  above  prices  are  prior  to  1!)12, 

The  Dolese  ft  Shcpard  Company  of  Chicago  have  oatimated  the 
life  of  their  new  1912  stone  crushing  plant  at  twenty  years  with 
5%  annual  depreciation.  They  have  found  from  experience  that 
repairs  to  cruBliers  cost  6%  annually,  repairs  to  screens  siid  con- 
veyors 15%.  The  large  size  stone  wears  the  screens  snd  conveyors 
much  more  rapidly  than  the  small  ahs  stone.  For  example,' tbo 
aereen  for  No.  9  crushers  had  to  lie  renewed  in  nine  monlli", 
whereas  the  other  screens  had  been  in  service  eight  months  and 
sbuwi'd  no  wear. 

The  Illinois  Slone  Company,  at  Lemont,  III.,  had  in  IUI2  a 
Btone-cnishing  plant  with  a  capacity  of  TOO  cu.  yds.  in  10  huum 
Tlic  plant  is  a  limber  structure  and  cars  are  hauled  up  n  short 
iiii'linti  to  the  main  crusher  where  they  are  dumped  automatically 
The  stone  passes  through  a  No.  IVi  and  two  No.  41^  gyratory 
crushers,  and  3  fl,  cylindrical  screens  of  sizes  from  %  in.  to  54  in. 
The  original  cost  of  the  machinery,  the  three  <  rushers,  screen, 
Id-Its,  etc,  was  !f23,O0O.  The  cost  of  repairs  given  below  is  for 
new  parts  and  does  not  include  the  labor  of  making  repairs. 

First  rear   fl.MOJW 

Thi.-d,  lourlh'iindef'lkytari'y... '.'.'.'..'.'.'.'..'.'.'.'.'.'.'.. '.'.'.'..'.'.    l.mOD 

TolBl  lor  flv8  ynr» Il.WH.OO 

Avernge  per  sfr  t   780.00 

The  Vf  in.  steel  plates  have  been  replated  about  twice  a 
year. 

I 


c.Googlu 
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\ 
ESTIXATEO  COST  OF  QUABRT  PUVT. 

The  following  oiiiliniatal  coAt  of  conotructing  and  operating  a 
quarry  plant  Hiiilulitv  (or  mRnuru(-turin<;  luiIlnKl  for  THnroa[l»,  is 
olrtainert  from  tho  Proceedings  of  the  ATnprkan  Railway  Tin- 
glopcring  and  Maint4>naiu-e  of  Way  Asxoriation,  IDOO. 

Coat  of  Plant.  From  publiKlied  flgures,  the  cost  of  building  a 
plant  of  1,000  tons  daily  capacity,  and  its  coat  of  operation  to 
quariy,  is  as  follows: 

Cspscily,  l.om  tODB  dallr  300.000  Cons  annually 

9Un  ru   )d.  Iiuji  i-pr  1"'linur  dny    270,000  cu.  yd.  huiiuuIIt 

CrushtTS.  4,  250(00  Farrall,  ■(  tl,l£a  t  S.fWI 

Entini-a.  4,  W  hp,  UxU  at  VM  2.<n} 

Fouiidallana ino 

Belting,  13  in.,  ZW  ft.,  at  t!.T6 .  tBO 


Derrick,  Bmall  atit  leg  '. 


8  cniHtipr  nipn  at  II  75  i>rr  dii;   310  da' 

1  qiisrr;  b<wi  >[  (!;  iKr  day,  m  dayi 

1  flrciDHO  at  tS[>0  ifr  day.  300  dsya  .. 

1  enginwr  at  13  i-.r  day,  300  .lays  ., . 

4  bin  urn  at  tuk  prr  .Ut.  m  davg  .. 

1  Bralo  man  nl  12  pir  dny   ino  duva  . . . 

1  car[>rnlpr  at  13  ixr  day,  30O  daya  .. 
ID  labnrpri  at  tl  T6.  mr  day,  300  daya  . . 

1  iliTlt  at  »750  [MT  ypar 

Fnul,  J.TOO  tons  of  coal  at  12  TO  

Oil  wanln,  Mr 

Dyaamilc,   I  lb.  pet  cu.  yd.;  £70,000  n 


Slrom   filtlaja    4,1108. 

Boitpr  biiuxi    imt 

En|[lae  bouse l.SOO 

Stark    ?,000 

Scalea,  fiO  tt.,  iodudinf  fouadaliona  and  timbn 1,225 

Bins     GOO 

Blevatora  with  plairorou.  4  at  ll.nno  (tm  lairiniB) t.me 

Pump  tor  watpr  iiii|i[ily,  S.MO. gallons  i«r  Lour  Sm 

T.ink,  BO.noO  gnllDni   1,200 


cosl  of  quarry  (19091  (60.4JS 

four  OK  Opcbatio\  of  Quabby  Plaxt 

rs  at  n  per  day.  300  days t  1G,200 

n  al  II  7B  ppr  day    Son  dntt —  0.450 

smiiba  at  |3jwr  day,  BOO  day*  8,700 

lpdsnr»  at  11.75  per  Say,  SOO  dava 38.250 
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Drill  Kp«ir8.  1  m.chiniM  il  M  IJW 

I  h*W  >t  (2^  ; TM 

Snpplin  St  tlS^  per  month  per  drill 270 

BlMumithB  indaded  *bi>*«  

ToUl    |141,*10 

<%  on  flra 
10J{  depree 
1SH%  depr 


It  ofpUnt  K.41S 

D  on  Duchloerj,  except  crusheri  . .    2.160 


ContiDiencie*,  S%   11,750 

«58,6T1 
Thli  ahowg  a  cost  per  y*rd  ol  SI  et.  <U09). 

The  following  notea  tm  th«  use  of  electric  motors  in  grvel 
and  stone  plttDte  appeared  in  Engineering  and  Oontractiitg.  Mar. 
21,  1917.  A  small  rock  crusbing  plant  driven  h;  a  30-hp. 
motor,  waa  taming  out  8  cu.  yd.  per  bour,  and  the  motor  not 
.  only  drove  the  crusher  and  elevator,  but  waa  used  to  operkte  a 
winch  for  hauling  ears  of  rock  up  an  incline. 

In  and  near  citien,  electricity  can  usually  he  purchased  for 
power  at  prices  under  5  ct.  per  kilowatt-hour.  Aa  a.  kilowatt  is 
one  and  one-third  horsepower,  this  is  equivalent  to  about  4  ct. 
per  horsepower-hour.  But  this  does  not  mean  that  a  30-hp. 
motor  would  use  $12  worth  of  current  in  a  10  hour  day,  even  at 
4  ct.  a  horsepower-hour;  for  the  fact  ia  that  the  full  power  of 
the  mot«r  is  used  only  occasionally,  and  then  for  but  a  few  mo- 

In  crnshinff  and  elevating  a  cubic  yard  of  atona  with  a  small 
jaw  crusher  about  16  lb.  of  coal  are  required  for  limeatone,  and 
about  IS  lb.  for  tough  trap.  Considering  the  fuel  loasen  in- 
volved in  operating  a  20-hp.  boiler  and  engine,  it  is  likely  that  a 
consumption  of  000  lb.  of  coal  per  day  of  10  hours  indicates  an 
actual  10-houT  average  of  leas  than  10-hp.  and  peiiiaps  aa  low 
as  8-hp.  It,  then,  a  30-hp.  elatric  motor  averages  only  7^4-hp., 
or  7S  hortiepower-boura  per  Iff-hour  day,  and  if  the  price  of  the 
current   is   i   ct.  per   horsepower-hour,  the  current  cost   is  *3  a 

A  smalt  crusher  using  0.4  ton  of  coal  a  day  at  $4,  requires 
only  $1.60  for  fuel;  but  this  fa  only  a  "starter"  in  the  expense 
of  the  steam  power.  There  is  the  wage  of  the  engineman,  and  the 
interest,  repairs  and  depreciation  of  the  boiler  and  en};inc.  be- 
siilea  the  cost  of  water,  lubricating  oil  and  other  incidentals. 

Ontpntfl  of  Stone  Cnshen.  Very  little  has  appeared  in  print 
regarding  the  outputa  of  stone  crushers,  therefore  the  accompany- 
ing table  'showing  the  actual  output  of  a  numlier  of  atone 
cruabera  may  b»  of  interest: 
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(1)         m        iS} 


S lie  of  crusher  VA  •■•  

Site  ot  broken  slane,  In 2U    SK,  IK,  IW       2%     Zt 

Number  of  men  feediDE  cruBher  E                 1  2        2 

Oulnut  in  cu,  <d.  p«r  100  hr aoO              SXI  360    SOU)  I2V 

Average  output  in  cu.  yd.  per  10  br 3nn             SOO  4Sn* 

Beet  Dulpul  in  cu.  rd.  per  10  hr 4G0              TW  »»■ 

•  Tons,    t  Nothini  larger  than  will  pus  s  2  In.  Hsreen. 

( 1 )  Infurmation  furniuhed  bj  the  Breckenridge  Stone  Co., 
Brccken ridge,  Minn.  The  roi'k  was  a  limestone.  Id  addition  to 
the  two  men  feeding  the  crusher,  about  46  others  were  employed 
bj  the  company  on  other  work  about  the  crusher  and  quarry. 
12)  Information  furnished  bj  the  Lake  Shore  Stone  Co,  of  Bel- 
gium, Wis.  The  rock  was  a,  very  hard  dolomite  limeatone.  The 
"  one  man  "  referred  to  in  the  table  keeps  the  stone  from  "  bridg- 
ing "  and  keeps  the  hopper  free.  In  addition,  44  men  were  em- 
ployed loading  atone  into  cars  going  to  the  cruabera.  (3)  In- 
formation furnished  by  the  Elk  Cement  A  Lime  Co.,  Petoidcey, 
Mich.  Tlie  orufcherg  were  side  l)y  side,  the  Gates  being  used  for 
rejections.  Tlie  rock  was  a  hard  limestone.  The  size  of  broken 
stone  from  the  crusUer  ran  up  to  2^  in.  (4)  Information  fur- 
nished by  Ilolmes  &,  Kunneke,  Columbu",  0.  The  rock  was  a  hard 
limeetone. 

COST  ov  oTEEATnra  A  STom  CKVBHnra  plaht  bt  city 

SMTtOTEES   FOB    THREE    ADS   ONE-HALF 
KOHTHS,  BOSTOH,  KASS. 

The  Boston  Finance  Curamission.  in  l!)OR,  made  a  statement 
to  the  eUfct  that  in  12  years  the  fily  of  Boston  had  wasted 
$1,000,000  by  operating  its  own  stone  cruithing  plants  inxtead  of 
buying  crushed  stone  from  contractors  tor  street  work.  Upon 
the  request  of  certain  eity  employees  who  professed  confldenre 
in  their  ability  to  turn  this  tide  of  extravagance,  the  mayor 
promised  that  for  a  limited  time  one  crushing  plant  would  be 
placed  at  their  disposal  to  demonstrato  their  claims.  The  em- 
ployees chose  for  the  experiment  the  Church  Hill  Ave.  plant  and 
the  Boston  Finance  Commiesion  placed  the  work  of  recording 
the  results  in  the  hands  of  its  engineers,  Metcalf  k  Eddy,  of 
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Boston.  The  full  report  of  the  engineers  is  given  in  Vol.  Ill  of 
Finance  Commission's  report  recently  made  public  and  from  thit*  I 
take  the  following  data: 

Ttie  crusher  plant  occupies  an  area  of  570,000  sq.  ft.,  pur- 
chased in  1S82  for  $30,000  and  having  an  aaaeBsed  value  in  1907 
of  $79,300.  The  tract  is  used  in  part  for  other  than  quarrying 
and  crushing  purposes.  The  plant  consists  mainly  of  a  30  x  13-in. 
Farrel  crusher,  a  72  x  16-in.  Atlas  engine,  a  Ofl.in.  x  I7-ft.  tubular 
boiler,  the  usual  elevators,  bins,  extra  parts  and  tools,  and  of 
three  large  and  one  baby  steam  drills.  The  estimated  cost  of  tbe 
plant  was  $16,653;  interest  was  calculated  at  4%  and  deprecia- 
tion at  6.75%  annually,  which  gives  an  amount  of  $1,791  which 
in  the  costs  following,  was  applied  on  a  monthly  basis.  The 
charge  for  steam  drills  is  based  oni  a  rental  of  50  ct.  per  working 
day. 

Porce  Employed.  The  force  employed,  witli  wages,  was  in  gen- 
eral as  follows: 

iMboT  at  Ledge :  Per  day 


Ehand  drillers  at  (!.»  U.2S 

1  powdermnn  at  (2.25  2.25 

9  ToadtrB  at  |2.26 2055 


8  ainsLe  teama  at  J3,60  f  n.W 

Total    nii.M 

The  force  consisted  largely  of  men  who  were  in  some  degree 
skilled  in  rock  work.  Ttie  majority  of  the  men  were  yonng  and 
all  were  vigorous  and  skilled  to  such  an  extent  that  the  force  as 
a  whole  was  skilful  and  efficient.  There  was  a  marked  lack  of 
interest  on  the  part  of  some  of  the  employees,  which  undoubt- 
edly had  its  effect  in  reducing  the  amount  of  .work  done  eon- 
sideraldy  l>elow  the  amount  which  would  be  dons  under  emtract 
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conditional  on  Uie  other  hand,  it  should  be  stated  that  eone  of  the 
men  took  a  lively  interest  in  the  work  and  did  their  full  duty. 
Preparatory  Work.     To  put  the  plant  in  condition  for  the  test 
there  were  expended  the  following  &niounts: 

rtsmn  Cost  I 

Labor    (207  51 

Tbiiiii1u« 7^ 

Mawriali 3S,34  ' 

Total »53.S5 

This  made  a  charge  of  $0,028  per  ton  of  output  during  the  test 
I'un.  There  were  also  $68,44  expended  on  repairs  to  scales  whieh, 
l>eing  permanent  repairs,  »ere  not  char<;ed  to  the  test;  they 
amount  to  a  charge  of  |0  0078  or  about  %  ct.  per  ton  of  output. 
To  house  and  prepare  plant  and  tools  for  the  winter  aft«r  the  con- 
elusion  of  the  test  run  cost  $18  or  $0,002  per  ton  of  output. 
■  Kethod  of  Operation.  The  quarry  was  first  stripped  of  the 
earth  overlying  the  ledge,  after  which  holes  were  drilled  in  the 
rock  by  means  of  steam  drills.  These  holes  were  loaded  with 
dynamite  and  exploded,  thus  throwing  out  great  quantities  of 
stone.  Much  of  the  stone  thus  thrown  out  was  in  large  blocks, 
which  required  breaking  before  they  could  be  put  into  the  crusher. 
In  some  cases  this  could  be  done  by  sledging  and  in  other  cases 
holes  were  drilled  in  them  by  means  of  a  tuLby  steam  drill  end 
hand  drills,  and  the  blocks  cracked  by  use  of  dynamite.  The 
stone  thus  prepared  for  the  crusher  was  hauled  to  the  loading 
platform,  where  it  was  dumped  into  the  crusher  and  upon  the 
platform.  Men  were  stationed  on  the  platform  to  feed  the  rock 
into  the  crusher.  After  passing  through  the  crusher  flie  broken 
stone  was  delivered  by  elevator  to  a  revolving  screen  where  it  was 
separated  into  two  grades;  the  very  fine,  or  dust,  being  conveyed 
to  one  set  of  bins  and  the  cracked  stone  to  another  set.  These 
bins  hold  approximately  400  tons;  and  when  the  demand  for  stone 
for  use  upon  the  streets  was  not  equal  to  the  output  of  the 
crusher,  and  the  bins  were  full,  it  became  necessary  to  haul  the 
balance  of  the  output  to  a  pi)e  in  the  yard  —  about  2,259  tons 
of  broken  stone  and  194  tons  of  dust  being  stored  in  the  yard 
for  this  reason. 

The>re  was  a  misunderstanding  with  regard  to  hauling  of  stone 
from  the  bins  to  the  pile  in  the  yard,  which  canned  a  slight 
delay  on  July  1,  2  and  3,  during  a  portion  of  which  time  the 
crusher  was  shut  down.  This  delay  amounted  in  the  aggregate  to 
not  over  two  days  of  crusher  service,  durin|[  which  time  the 
quarrying  was  proceeding  as  ustial.  After  July  3  there  was  no 
appreciable  delay  on  account  of  causes  beyond  the  control  of  the 
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foreman,  except  such  occasional  delays  as  are  iDevitable  upou 
such  work  due  to  temporary  disablement  of  thi?  plant. 

In  this  connection  it  should  be  noted  that  the  rapacity  of  the 
bins  being  only  about  400  tons,  they  were  sufficient  only  for 
about  2Vj  days  output  of  the  crusher  as  it  wax  operated.  The 
normal  capacity  of  the  crusher  i»  claimed  by  the  manufacturers 
to  be  about  250  tone  per  day,  while  the  maximum  output  for  any 
one  day  during  this  test  was  22.5  tons. 

During  three  weeks  in  July,  three  drills  were  operated,  but  this 
was  found  to  be  inadvisable  because  the  force  of  laborers  was 
unable  to  handle  the  rock  as  fast  as  it  was  blown  out. 

Periods  of  Operation.  The  results  of  this  teat  have  been  di- 
vided into  three  periods,  so  that  the  comparative  progress  from 
lime  to  time  can  be  noted,  as  well  as  any  improvement  in  the 
cost  of  operation.  The  dates  of  closing  these  periods  were  so 
selected  that  the  amount  of  uncrushed  stone  which  had  been 
quarried  was  comparatively  smalt,  being  in  no  case  in  excess 
of  200  tons. 

First  Period  —  The  first  period  was  from  May  28  to  July  13, 
inclusive, . but  included  only  that  drilling  and  blacksmithing  done 
up  to  July  6,  inclusive,  which  corres|K)nded  to  the  output  of  the 
first  period.  The  work  and  expense  of  this  period  may  be  sum- 
marized as  follows: 
Work  Done: 

airipping  temoted    114  tijns 

Holes  drilled  (2Vln.  diameMr)  bj  ■leam  drills 1.069.5  ft. 

Uabrokpii  stone  on  hand  ■[  expiration  of  period  (esli- 

maledl    SM  tons 

BroliPn  Hone  ready  for  (ruiiher  at  end  of  period  —  none 

Totll  gutput  of  cnuhed  stone  durinE  tHJi  period I.eM.  tons 

Cost: 

Lsbor  and  teaming  per  ton  of  output tl.Sl 

Ualerials  used  per  ton  of  output  0.11 

Total  eoat  per  Ion  of  output  (i.M 

In  this  summary,  as  in  the  summaries  of  the  other  periods,  no 
account  is  taken  of  interest,  depreciation  or  rental  of  plant,  and 
certain  general  items  of  expense,  or  a  few  incidental  supplies. 
The  final  summary  covering  the  entire  period,  however,  includes 
all  of  these  expenses. 

It  should  be  noted,  in  the  consideration  of  the  first  period,  that 
the  cost  per  ton  of  output  includes  all  of  the  preliminary  work, 
which  amounted  to  approximately  $0.15  per  ton  of  the  output  of 
this  period.  Deducting  the  cost  of  the  preliminary  work  from  the 
cost  per  ton  of  output,  $1.32,  for  the  first  period  leaves  the  net 
cost  for  this  period  41.17  per  ton,  which  cost  can  be  compared 
with  similar  costs  for  the  second  and  third  periods. 
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Second  Period  —  The  second  period  extended  from  July   14  to 
11  a.  m.  of  July  21,  inclusive,  and  includes  the  drilling    and 
black unithiiig  applicable  to  this  period.     The  work  and  expense 
of  the  second  period  mmj  be  summarized  as  follows: 
Work  Done: 

StrippiDg  mrnrred   S5  tout 

Holea  drilled  (2K-iQ.  diuaeUr)  by  alMin  drilln i(e.7  ft. 

tlDbrolifn  >(one  on  hand  at  fipiralion  of  period  (eili- 

mated)     GO  tons 

Brokeo  slooe  ready  for  cTuiber  4t  upiralion  of  period  none 

Tolal  output  of  cmahed  atone  during  this  period  90S  lone 

Coat: 

Labor  and  teamini  per  ton  of  output  W.SO 

Materials  uaed   0.08 

Total  coat  per  ton  of  output  jn.SS 

Third  Period  —  The  third  period  extended  from  It  a.  m.  of 
Jnly  21  to  September  10,  inclusive,  and  flna)  date  of  the  test.  The 
worlc  and  expense  of  the  third  period  may  be  Hummarized  as 
follows ; 

Work  Done: 

Strippinc  removed    1:15  tons 

HotM  drilled  I2\.ia.  diameter)  by  ali^am  drillH  Z.nhstt. 

Dnbroken  atone  on  hand  at  ripiralion  of  iieriod  (i-Bli- 

maledl ;     200  tons  I 

Broken  itoae  ready  lor  cruabcr  at  expiration  of  period  none 

Total  output  of  crushed  atone  durios  this  iierod  6.3ST  tons 

Coat: 

Labor  and  teaming  per  ton  of  output  flTfl 

Materials  uaed O.OS 

ToUl  coat  pet  ton  of  output  *0.84 

It  nhould  be  noted  that  the  ciost  per  ton  of  output  during  tile 
third  period  was  very  close  to  that  of  tlie  second  period.  The 
reduction  in  cost  of  stone  crushed  during-  the  second  and  third 
periods  below  that  of  the  first  period,  after  deducting  the  cost 
of  preparatory  work,  shows  the  result  of  the  experience  acquired 
by  the  force  and  improvement  in  organization. 

Kemlti  of  Entire  Teat.     As  already  stated,  the  duration  of  this 
test  was  from  May  28  to  September  10,  incluBive.    The  details  of 
the  cost  of  this  test  are  given   in  Table  B.    Tlie  work  accom- 
plished during  the  test  may  be  summarized  as  follows: 
Work  Done: 
Stripping  remored  (a  large  part  of  the  alripping  bad 
been  done  prior  to  Ibe  beginning  of  thia  Ifst  and 

ia  not  included  faereiu)    38t  tons 

Holea  drilled  (?%  in.  diametrrj  by  aleam  drill  4,1G0.1  ft. 

UobrokeD  Btone  on  hsnd  at  beginning  of  lest none 

Unbroken  alone  on  baud  at  expiration  of  teat  (esti. 

mated) 2C0  tons 

Broken  done  ready  for  eruaber  at  expiration  of  leaf..  none 

Broken  Mone  on  band  at  eipiratfon  of  teat '^      noae 
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Total  ovWut  of  endud  iMae  dwisc  MM: 

Dust  I.S70  lona  (2S%} 

atone  e.983  Ions  (iS%) 

Total   S,B5J  tons 

Tlie  foat    to   the  cily  of  proiliiciiig  the   S,l!.i3   tons  of  crusliPd 
stone,  exclusive    of    $68.44    paid    for    permanent    repairs    to    the 
■^ales,  may  be  eummHrized  ae  follows: 
C«t: 

Labor  snd  ifsmiDS  fl.SSt 

Material  o»«d ...    fl.109 

Inleml.  deprKialion  *Dd  rentul  of  tooU  and  mactainery.    0.06tl 
Edlmated  «]uiva1cnl  cwt  of  gtTip[>ing  done  prior  lo  b«- 

glDDioKof  l«t  O-OM 

Total  coBl   11.1181 


The  major  items  of  the  fnvegoin^  aiimmary  may  l>e  Ruhdivided 
into  a  comparativplv  small  numUer  of  items  whith  \vilT  Bhow 
llie  cost  of  tlie  various  parts  of  the  proi'ess  of  preparing  crushed 
itone.      (See  Table  A.) 

TtBLB  A  —  Si'MMABT   Showing   Approximate   Disthibution   op 
Expenses  at  Chestnut  Hill  Avesib  CRrnnEB 

Coat  per        of  (olal 
Ion  fibred       etaarfed 


Qnirrjing    and     breaking     (t^     hevlng 
he  rod  of 


t    deducted    i 


44.3 


3tri[>pin(  done  I'rtor  to  Irnl  (ealimatedl.       2SS.St                 .l)2S  2Jt 

[«idinB  and  dellTerj'  (o  crusher  I.SSO.H                  .Ztl  in.9 

CrnHhlng: 

Operation  (iocludinR  (eedlnf  eruBber)   ..     1.356  89                  .140  13.1) 
liUreat   and    depieciation    on    ulanl    (3 

Diontba  at  tl4S^  per  month!   417. 75                 .090  4.7 

Special  expeni«i: 

Weithing  alone  ■'    18I.!i7                  .020  1.9 

n'cichinc  strippinii 19.67                  .002  0.2 

HiSinfTrina  to  pile  (i,463  lonsi  28115                 .03S  3.0 

HDlidaj*    70575                 .07*  7.3 

AI)«Bt  with  paj  27.68                  OOJ  0.3 

Tolil  charged  to  output  |9,631.»9              ti.ltJi  100,0 

Permanent  repnira  lo  acalea  68.41 

ToUl  edit  of  teal 19,700.43 

'Oalpnt  equala  8,953  long  of  ernahed  alone  (including  daat).    Theae  nni 

QDanriDg  and  breaking  (i)  749 

Cmahing 0  214 

Hdidaya  and  absent  with  pay  00S2 

ToUl    »1.07B 
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Slstribntion  of  Coit  of  Foreman,  Xngliieer,  Fireman  and  Coal- 
Tbe  foreman  devoted  liis  time  almost  nholl;  to  work  of  quar- 
rying and  breaking  the  rwk  for  the  crunlier,  and  only  a  small 
portion  to  the  operation  of  the  crusher.  We  have,  therefore, 
i-harged  30%  of  his  time  to  the  quarrying,  60%  to  the  breaking 
and  10%  to  (he  crushing. 

The  steam  for  running  the  steam  drills  was  furnished  from  the 
boiler,  which  constitulod  a  part  of  the  crusher  plant.  This  boiler 
was  under  the  general  direction  of  the  engineer  and  waa  cared 
for  by  a  fireman.  We  have  not  charged  any  portion  of  the  time 
of  the  engineer  to  quarrying,  but  have  charged  one-half  of  the 
time  of  the  fireman  as  well  aa  one-half  the  coat  of  the  coal  used. 

Stripping.  In  certain  places  the  ledge  waa  covered  with  a 
layer  of  earth,  whii'h  it  waa  necessary  either  to  remove  before 
blasting  or  separate  from  the  stones  after  blasting,  A  portion 
of  this  material  had  been  removed  from  the  li-dge  prior  to  the 
l>eginning  of  this  teat.  The  quantity  ot  stripping  removed  dur- 
ing the  experimental  run  was  384  tone,  and  our  estimate  of  the 
amount  which  was  moved  prior  to  the  beginning  of  the  run  (the 
cost  of  which  should  be  charged  against  this  experiment)  would 
be  3S0  tons,  or  an  amount  nearly  equal  to  that  removed  during 
the  teat.  The  cost  of  stripping  done  during  the  test  was  $0  637 
per  ton  ol  soil  stripped  from  the  surface  of  the  ledge.  At  this 
rate,  the  stripping  done  prior  to  the  test  would  have  coat  $222.1)5 
had  it  been  done  by  the  same  force  as  a  part  of  the  experiment. 
This  eatimated  cost  of  preliminary  stripping  amounts  to  $0,025 
pec  ton  of  output. 

Allowance  for  Aock  auarried  but  "Sat  Blasted,  As  already 
stated  there  was  no  quarried  rock  on  hand  at  tlie  beginning  of 
the  teat,  but  there  was  a  quantity  of  about  200  tona  remaining 
at  its  close.  Thia  should,  ot  course,  be  credited  to  the  experi- 
ment, which  has  been  done  by  deducting  the  cost  of  quarrying 
it  from  the  entire  coat  ot  the  experiment.  The  coat  of  quarry^ 
ing,  including  stripping,  was  about  $0.25  per  ton  of  rock  quar' 
ried  ( 8,053  tona  of  output  -i^  200  tona  unbroken  rock  :=  0,153  tons 
quarried).  The  cost  of  quarrying  200  tons  waa  therefore  $p>0. 
whit'h  amounts  to  ^O.OO.*)  per  ton  of  output,  which  has  been  de- 
ducted from  the  total  cost  of  output. 

Beinm^  of  Kesulti  of  Test.  This  test  has  covered  a  period  ot 
time  sufliciently  great  to  demonstrate  with  accuracy  the  cost  of 
producing  crushed  stone  at  the  Chestnut  Hill  avenue  crusher  by 
day  labor,  under  the  conditions  of  the  test.  The  force  apparently 
c»wisisted  of  men  skillful  and  competent  as  could  be  selected  from 
the  entire  organii-ation  of  the  division,  and  certainly  gave  evi- 
dence of  being  reasonably  skillful  and  able-bodied.    So  far  as 
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n>uld  be  seen  the  forem&u  in  charge  of  the  work  was  given  an 
B.bttolutely  free  hand  to  organize  hig  force  as  he  deemed  best, 
and  to  adopt  such  methods  of  handling  the  nork  as  he  might 
desire.  With  very  slight  and  unimportant  exceptions  he  was  fur- 
nished with  tools  and  supplies  promptly,  bo  that  there  is  Di>  rea- 
Bon  to  think  that  the  output  could  have  been  increased  by  the 
improvement  of  conditiooH  depending  upon  the  oo-operation  of  his 
superior  officers  in  the  Street  Department.  The  net  result  of 
this  test  appears  to  be  that  the  crushed  stone  was  produced  at  a 
cost  to  the  city  of  91.076  per  ton.  These  figures  make  no  allow- 
ance for  the  coat  of  the  quarry  to  the  city,  or  the  cont  of  ad- 
ministration and  clerical  services  at  the  office,  the  latt«r  of 
which  is  estimated  at  $0.03  per  ton  of  output. 

This  experiment  has  been  carried  out  under  the  very  best  of 
conditions.  The  quarry  and  crusher  selected  was  the  most  favor- 
able of  any  which  the  city  has  worked  in  the  past,  and  pro- 
duced crushed  stone  in  1905  more  cheaply  than  any  other  crusher. 
During  that  year  each  of  five  cru^crs  produced  mora  than 
30,000  tons  of  brokm  stone  —  the  Bleiler,  Centre  Street,  Chestnut 
Hill  Avenue,  Codman  Street  and  Columbia  Road  crushers.  Of 
these  the  Chestnut  Hill  Avenue  crusher  yielded  the  smallest  out- 
put, although  the  coet  per  ton  of  cnished  stme,  $1,148,  was  lower 
than  that  of  any  of  the  others.  The  cost  of  producing  crushed 
stone  during  the  test  was  therefore  reduced  less  than  SO.OS  below 
the  cost  of  prodncing  crushed  stone  at  this  crusher  during  the 
year   1905. 

We  have  already  called  attention  to  the  marked  increase  in 
efficiency  of  the  force  employed  at  the  crusher  during  the  second 
and  third  periods  of  the  experiment.  It  is  reasonable  to  inquire 
what  the  cost  of  the  output  would  have  been  had  all  the  work 
Ijeen  done  with  the  same  etficiency.  Such  an  estimate  may  be 
obtained  by  addinjf  the  cost  of  interest  and  depreciation,  rental 
of  machinery  and  tools,  temporary  repairs,  and  the  stripping  done 
htfore  the  beginning  of  the  test,  to  the  cost  of  any  particular 
period,  or  an  assumed  cost.  These  items  amount  to  over  «0.10 
per  ton  of  output,  so  that  it  is  reasonable  to  estimate  the  coat 
of  operating  the  crusher  at  $0.B5  to  SI  per  ton  of  output,  based 
upon  the  efficiency  attained  during  the  second  and  third  periods. 
This  estimate,  'as  in  all  other  cases,  does  not  include  any  chargu 
on  account  of  administration  or  c^ice  expense,  nor  does  it  include 
any  charge  tor  the  cost  of  owning  and  maintaining  the  quarry. 

Comparison  with  Market  Prlees  of  Ornshed  Stone.  According 
to  the  report  upon  stone  crushers  already  cited,  the  market  price 
of  crushed  stone  f.  o.  b.  cars  at  the  crusher  is  50  cts.  per  net 
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ton.  While  it  is  not  poseible  to  determine  accurately  tbe  marltet 
priee  of  crushed  stone  f.  o.  b.  care  Boston,  under  a.  contract  simi- 
iHr  to  one  which  the  city  might  negotiate,  an  estimate  wag  (jivcii 
ill  the  report,  from  wliivh  we  have  just  quoted,  amountin;;  to 
$1  per  ton  f.  o.  b.  cars,  or  $1.10  loaded  iiputi  wagone  ready  for 
hauling  to  the  atreete.  It  thus  appears  that  the  cost  of  crushed 
atone  produced  during  this  test  nas  more  than  twice  that  of 
crushed  stone  1.  r>.  b.  cars  at  the  cruxher  of  a  private  corporation, 
or  more  than  twice  the  price  for  which  it  could  be  produced  at 
the  Chestnut  Hill  Avenue  crusher  by  a  contractor,  and  that  the 
cost  was  about  $0,025  less  than  the  estimated  contract  price  of 
crushed  stone  purchased  in  the  local  market  and  loaded  upon 
wagons  in  Boston.  These  figures  include  no  part  of  administra- 
tion or  oQice  expenses,  and  no  portion  of  the  cost  to  the  city  of 
owning  and  maintaining  the  quarry.  The  administration  and  of- 
fice expense  would  doubtless  amount  to  aa  much  as  $0.05  per  ton 
of  output,  but  we  aie  not  in  position  to  make  any*  estimate  of 
the  coBt  to  the  city  of  owning  and  maintaining  the  quarry.  | 

We  made  the  btatement  that  the  cost  of  crushed  stone  produced 
during   the   test    was   more   than   twice   the   price    for   which   it 
could  be  produced  at  the  Chestnut  Hill  Avenue  crusher  by  con-   | 
tract,  upon  the  assumption  that  conditions  could  be  the  aame  St   . 
this  crusher  as  at  the  large  commercial  crushers  in  une. 

As  we  understand  the  law,  a  contractor  producing  atone  at  this 
crusher  for  the  use  of  the  city  would  be  obliged  to  confine  the  i 
hours  of  labor  to  an  eight-hour  day,  which  would  materially 
increase  the  cost  of  his  work.  It  is  also  probable  that  the  city 
would  find  it  impracticable  to  take  the  maximum  output  of  the 
crusher  at  all  times,  which  would  also  be  an  important  factor  in 
the  cost  of  operating  this  plant. 

As  stated  in  our  report,  the  companies  furnishing  crushed  stone 
within  reasonable  railroad  distances  of  Boston  appear  to  be  very 
willing  to  dispose  of  their  product  at  50  cents  per  ton  f.  o.  h. 
cars  at  erusber.  We  have  one  instance  where  crushed  stone  of 
one  size  (not  the  run  of  the  crusher)  was  furnished  at  a  cost 
of  6S  cents  per  yard,  or  about  41  cents  per  ton  delivered  in  place, 
including  more  or  less  freight  expense.  Obviously  this  stone  was 
sold  at  a  price  at  least  as  low  as  4U  cents  per  ton  at  crusher.  It 
should  be  barns  in  mind,  however,  that  these  plants  are  very 
large  ones,  much  larger  then  the  Chestnut  Hill  Avenue  crusher. 
We  have  obtained  the  following  data  relating  to  the  cost  u( 
operating  a  small  temporary  crushing  plant  on  a  trap  rock  qukrry 
from  April  to  October,  1906.  The  crusher  was  a  1014  hy  18 
inch  Acme  —  a  smaller  outfit  than  that  in  use  at  Chestnut  Hill    i 
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Avenue.    The  cost  <A  producing  tlie  atone  is  given  i 
the  following  Uible: 

Cot 

PickiDC  or  driUinc  tU»,l» 

BmkiDS l,9jr.!J 

Loading    1.8*3.» 

M«BllnB     «W.OCI 

CroBhing     1,229.73 

SuperinUDdence    43T.10 

CmI.  oil,  olr 5XW 

Dynamite  and  exploden  116.00 

Total    IS.M9.13 


It  appeare  from  tlie  forgoing  t&ble  that  the  total  nmouDt  ol 
"lone,  18,560  tone,  was  quarried  and  crushed  for  45  ct.  per  toDi 
not  including  rental  of  plant.  The  rental  of  plant  —  aetiiall;  a 
rented  plant  —  was  $0.0792,  which  added  to  46  cents  would  make 
a  total  cost  of  53  cents  per  ton. 

It  is  important  to  note  that  during  the  teat  run  of  the  Chelt- 
nat  Hill  Avenue  crusher,  the  average  output  waa  12U  tons  per 
day  far  three  months.  (75  days)  of  actual  operation  of  cruaher. 
Tlie  nominal  capacity  of  the  crusher  being  240  tons,  it  appears 
that  the  output  was  just  one-half  of  the  capacity.  Under  good 
manageroent  there  should  be  no  difficulty  in  turning  out  240  tons 
of  Btoue  per  day,  and  this  could  have  been  turned  out  during  the 
lest  nm  without  materially  increaaing  the  expense  of  the  output, 
except  for  the  coet  of  quarrying  and  breaking.  Theae  items 
would  have  been  materially  increased  if  the  methods,  discipline 
and  character  of  labor  remained  the  same. 

tn  cmiBidering  this  subject,  it  shuuld  be  borne  in  mind  that 
there  is  not  sufficient  rock  available  at  this  location  tu  warrant 
llie  establishment  of  a  very  large  crushing  plant.  There  is 
probably  atoue  enough  to  supply  the  present  crushing  plant  for  a 
period  of  three  or  four  years.  (This  is  only  a  rough  guess  be- 
i^use  no  measurements  have  been  taken  upon  which  to  base 
an  opinion.) 

From  a  further  consideration  of  the  statement  in  our  report, 
K'bich  we  have  quoted  above,  we  are  of  the  opinion  that  a  cub- 
tractor  might  produce  cruRhed  stone  at  the  Chestnut  Hill  Avenue 
■'rusher  for  about  one-half  of  the  cost  of  crushing  stone  during 
the  test  run.  This,  however,  would  probably  not  include  the 
contractor's  proftt,  and  would  necessitate  his  having  an  abundant 
market  which  would  enable  him  to  work  the  plant  to  its  maxi- 
mum capacity.     It  is  not  probable  that  the  city  could  let  this  work 


224         HANDBOOK  OF  CONSTRUGTION  EQUIPMENT  I 

to  B  contractor   for  a   Bum   as  low  aa  one-half   the  cost   of  tbe 
output   during  the  teet  run   for   the  reasons  already  given. 

CoBt  of  Hanllng  Crnilied  Stone  to  tbe  Streeta.  An  examina- 
tion of  the  teaming  chccka  covering  a  period  of  about  tlirn 
weel(»,  a  portion  of  which  was  during  and  a  portion  after  this 
tcBt,  showed  that  the  coat  of  delivering  stone  amounted  to  aliout 
$0.40  per  ton  for  the  first  mile,  and  about  $0.10  per  ton  for  each 
additional  mile.  Thus,  with  stone  coitiag  SLOTS  per  ton  in  the 
bin,  the  total  cost  to  the  city  of  such  stone  delivered  to  the 
street,  at  a  distance  of  one  mile  from  the  crusher,  would  be 
$1,475  per  ton,  or  at  a  point  two  miles  from  tlie  crusher,  $1..')75 
per  ton.  For  comparison  with  contract  prices,  this  figure  should 
be  increased  by  the  amount  of  the  coHt  of  purchasing  and  main- 
taining the  quarry  and  the  proportionate  coat  of  admin istral ion 
and  office  forces,  not  only  on  account  of  the  quarrying  and  cruxh- 
iog,  but  alio  on  account  of  teaming. 

lADLt:  B  —  Data  on  Coax  op  Opbbathio  Store   Cbxibheb  at 

Chestnut  Hill  Avende  Ledge,  BniaHTON,  Mass.,  fbou 

Hay  28  to  Settbmbek  10,  1908,  IncLceivi: 
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Jaw  and  fjyratory  crushers  are  the  two  distinct  types  of  crush- 
era  exteneivelj  used  for  the  preliminHr;  reduction  of  Tock  and 
ore.  The  well  known  Dodge  and  Blake  crushers  are  the  best 
examples  of  the  jaw  tjpe  and  have  been  widely  used  for  man; 
years.  Aside  from  some  modifications  in  the  method  of  apply- 
ing the  tlimst  and  in  the  conBtruction  of  the  frame,  these  ma- 
chines as  built  today  are  similar  to  the  early  desi<p3.  The  gyra- 
tory type  of  rock  breaker  was  introduced  about  ISSii.  Its  large 
capacity  was  its  most  attractive  feature  and  led  to  its  rapid' 
introduction.  The  early  designs  were  faulty  in  many  features. 
There  ia  an  improved  design  which  has  become  more  or  leas 
standard  with  the  several  manufacturers.  This  Is  the  suspende^l- 
shaft,  two-arm  spider,  drop-bottom  type,  with  cut-steel  bevel 
gears,  forced  oil  cirenlation,  mangsnese-Bteel  crushing  bead   and 


Since  it  is  possible  to  purchase  either  type  of  crusher  in  almost 
any  size  and  with  the  aasurancB  that  the  design  and  construction 
are  adequate  for  the  work  intended,  the  choice  of  type  can  he 
made  strictly  on  the  basis  of  suitability  and  economy.  There 
are  fads  in  machinery  as  well  as  in  millinery.  The  rapid  devel- 
opment of  the  gyratory  crusher,  and  its  success  in  meeting 
severe  requirements  have  led  many  to  advocate  the  complete 
retirement  of  the  jaw  type.  Each  type  has  a  field  in  which  it 
is  superior,  and  it  is  easy  to  define  the  limits  of  each.  There 
are  certain  advantages  and  disadvantages  that  are  inherent  in 
each  type  of  machine,  irrespective  of  size  or  service,  and  these 
are  generally  fairly  well  recognized  Of  greater  importance  and 
less  generally  appreciated,  are  the  characteristics  of  each  machine 
for  a  particular  size  and  service. 

Table  I  has  been  prepared  to  show  at  a  glance  the  compara- 
tive features  of  the  two  types  over  a  wide  range  of  sizeB  and 
services.  All  the  machines  quoted  in  the  table,  e.icept  the  two 
largest  sises  of  gyratory  cruxliers,  are  standard  sizes.  The 
weights,  capacities,  required  power,  etc ,  are  those  guaranteed  by 
the  manufacturers  for  average  conditions  with  hard,  friable 
rock.  The  machines  quoted  in  the  table  to  deliver  a  certain 
siied  product  are  the  medium  sizes  adapted  to  that  product,  as 
both  larger  and  smaller  machines,  within  small  limits,  could 
be  adjusted  to  produce  a  certain  size  of  material.  The  par- 
ticulars of  the  36x282-in.  and  the  42K345-in.  gyratory  crushers 
ire  only  approximate,    as  the   largest  standard   size  manufac- 
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tured  is  24  x  108  in.     Gyratory  cruBfaers  larger  than  24  x  198  in. 
have  been  built  to  special  design. 

Size  of  Feed.  Inappction  of  the  compiled  and  calculated  dnta 
in  Table  I  reveals  the  following  interesting  comparisons:  It 
develops  that  in  each  case  the  gyratory  is  a  mftohine  of  greater 
weij>ht,  capacity  and  horsppower  than  the  Blake  cruHber  for  i.he 
same  size  feed  and  product.  The  feed  opening  ot  the  Blake 
type  19  rectangular,  that  of  the  gyratory  is  necesMrtly  the  seg- 
ment of  a  ring.  From  this  fact  it  followR  that  the  weight  and  I 
capacity  of  a  gyratory  crushn  will  increaae  more  rapidly  with  | 
an  increase  in  the  width  of  the  receiving  opening  than  will  the  , 
Blako  type.  In  other  words,  we  may  vary  the  width  or  the  length  ; 
-of  the  feed  opening  in  the  Blake  type  independently  fyt  each  ' 
other,  while  in  the  gyratory  type  the  width  of  the  feed  opening 
cootroU  the  entire  design,  and  the  whole  machine  must  be  pro* 
portiimed  accordin(>1y.  This  is  an  important  characteristic  and 
has  great  influence  in  defining  the  field  of  each  type. 

Weight,  Capaolty  and  Eoriepower.  Table  II,  which  is  com- 
puted from  the  data  given  in  Table  I,  indicates  a  notable 
superiority  of  the  gyratory  type  as  regards  efficiency  of  power 
consumption  and  capacity  per  too  weight  of  crusher.  In  all 
cases  tabulated,  except  the  first  {crushing  from  7  t«  1%  in.), 
the  relative  capacity  ot  the  gyratory  is  greater  than  either  the 
relative  weight  or  required  power.  Beferrfng  to  tke  third  col- 
umn of  Table  II,  it  appears  that  in  this  caae  the  weight  of  the 
gyratory  is  I.G  times  that  of  the  Blake  crusher  far  the  eame 
size  feed  and  product,  but  the  capacity  of  the  gyratory  is  2.8 
times  that  of  the  Blake,  and  the  relative  power  required  is  only 
1.66.  This  comparison  lietween  the  two  types  is  also  emphasized 
by  the  values  of  capacity  per  installed  horsepower  which  were 
computed  for  Table  I.  The  gyratory  is  shown  to  vary  fr<»n 
0  58  ton  per  hour  Installed  horsepower,  in  the  smallest  siie  tabu- 
lated, to  4.80  for  the  largest  size,  while  the  Blake  has  the  values 
OJiO  to  2  for  the  same  conditions.  The  greater  duty  per  inatalled 
horsepower  in  the  gyratory  type  is  due  to  several  reasons.  A  jaw 
crusher  must  break  a  rock  by  simple  compressive  force,  hi^h 
stresses  Iteing  obtained  by  impact.  The  gyratory  has  the  advan- 
tase  of  breaking  a  larj^e  numlter  of  pieces  by  beam  action  be- 
cause of  the  concave  shape  of  the  shell  and  the  convex  shape  of 
the  crushin;;  head.  This  action  introduces  both  compreMive  and 
tensile  strcHses  in  the  piece  ot  rock,  causing  it  to  break  with  Im* 
excrtinn  ot  force  because  the  tensile  strength  of  roclc  or  ore  is 
only  a  fraction  o{  its  compressive  stre(igth. 

The  gyratory  is  more  economical  of  power  owing  to  its  cos- 
tinuous   action.     A   jaw   breaker    consumes   a   large   amount   of 
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energy  in  orercomfitg  the  inertia  of  the  heavy  and  rapidly  re* 
ciproeating  parti.  Another  feature  which  helpB  to  account  for 
the  relatively  lai^  amount  of  power  that  is  installed  for  Blake 
eruBhera  is  the  intermittent  character  of  the  worlc.  Tlie  demand 
is  irregular,  and  may  temporarily  far  exceed  the  average,  so  a 
cnuJier  oS  the  jaw  type  must  be  liberally  equipped  with  power. 

CompariMn  of  Operating  Advanta^a.  Reference  to  Table  I 
shows  the  marked  advantage  of  the  Blake  over  the  gyratory 
type  as  regards  the  height  of  crusher.  This  is  an  important 
item,  aa  it  controls  the  height  of  buildings.  In  addition  to  the 
greater  actval  height  of  the  gyratory  it  requires  much  eleaf 
headroom  both  above  and  below  the  machine  for  the  necessary 
raising  and  lowering  of  the  parts.  The  floor  apace  occupied  ia 
about  the  same  for  either  machine  for  a  certain  size  feed  and 
product. 

The  concave  afcape  of  the  rigid  nhell  of  the  gyratory,  resulting 
in  breaking  some  of  the  rock  by  bea'm  action,  caunes  the  mate- 
rial to  be  more  cubical  in  form  than  the  prodmrt  of  a  jaw 
crusher.  For  this  reason  the  gyratory  usually  gives  the  most 
uniform  product  from  a  given  ore  or  rock. 

Other  conditioB*  being  equal,  there  ia  lesa  actual  wear  on  the 
linera  of  a  jaw  enuher,  betause  the  tendency  toward  a  certain 
grinding  action  cannot  be  entirely  eliminated  from  the  gyratory 
type.  Owing  to  the  conical  shape  of  the  concave  liners  of  a 
gyratory  they  cannot  be  reversed  when  worn  at  the  bottom. 
llie  plates  for  a  jaw  cm^her  can  be  arrange  to  be  turned  end 
for  end  when  the  lower  part  becomes  badly  worn.  For  these  rea- 
sone  the  renewals  for  the  gyratory  type  are-  a  greater  expense 
than  in  the  jaw  type. 

Provided  the  feed  ia  [H'eviously  reduced  to  proper  size,  attend- 
ance is  the  same  for  one  machine  of  either  type,  which  gives 
an  important  advantage  to  the  gyratory  in  those  cases  where 
its  larger  capacity  enables  it  to  replace  two  or  more  jaw  crush- 
ers. 

Repkln.  Repairs  are  more  difllmlt  to  make,  and  possibly  more 
frequent,  with  the  gyratory  type.  The  critical  mechanical  fea- 
ture of  the  gyratory  ia  the  eccentric  drive  on  thi'  lower  end  of 
the  main  ahaft.  With  hard  rock  and  heavy  feeding  it  requires 
efficient  lubrication  to  keep  the  bearings  coot,  A  well  designed 
Blake  crusher' is  easier  to  keep  in  'order.  The  introduction  of 
steel  oastinga  for  the  main  fmme  of  the  jaw  crushers  has 
increase  the  strength  end  lessened  the  weight  of  that  important 
part.  Ab  regards  vibration  during  operation  the  gyratory  is 
superior,  as  It  runs  very  steadily. 

The  consideration  of  relative  merits  for  a  specified  capacity. 
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and  the  comparisona  drawn  therelrom  are  &I1  on  the  basie  of  k 
given  size  of  feed  and  product.  It  would  be  desirable  to  compare 
the  two  types  on  IJie  basis  of  given  capacity  as  well  as  sice  of 
feed  and  product,  but  this  ia  not  posaiblei  When  we  designate 
tiie  feed  and  product,  the  eife  snd  capai^itj  of  the  appropriate 
crusher  of  each  type  in  determined  thereby,  and  theae  vary  widely 
for  the  two  typee.  The  bearing  that  the  required  capacity  faas 
upon  the  comparison  of  merits,  although  left  for  the  last,  is 
all-important,  bb  will  be  shown. 

Consider  the  case  in  the  first  column  of  Tablea  I  and  II.  This 
ia  the  only  case  of  those  tabulated  in  which,  the  gyratory  does 
not  excel  in  capacity  per  ton  weight  of  machine.  If,  howevn'. 
a  particular  installation  required  the  rapacity  afforded  li^  the 
7  X  SQ-in.  gyratory  (seven  tons  per  hour),  it  might  be  aelectnl 
in  place  of  two  lOxT-in.  Blake  crushers,  because  of  the  economy 
of  one  machine,  one  foundation,  and  one  attendant  If,  however, 
advantages  are  to  be  gained,  as  in  small  stamp  mills,  by  dividing 
the  work  between  several  small  cmsfaers  so  as  to  avoid  conveying 
the  crushed  material  and  to  gain  bin  storage  without  additional 
height,  two  small  Blake  cmsbere  might  be  selected  in  preference 
to  one  gyratory.  It  should  be  noted  that  the  relative  weight 
of  the  two  types  is  not  an  exact  index  of  the  relative  flrat  cost. 
beesuHe  the  gyratory  crushers  are  sold  at  a  bigher  price  per  pound. 
than  the  Blake  type.  There  are  other  factors  affecting  first 
cost  besides  the  price  of  the  machine' at  the  manufacturer's  works, 

Soak  BreakeTB  ti.  Balldoiiiig,  Referring  to  the  last  columns 
of  the  tables,  there  is  a  most  intereating  case  which  is  not 
generally  well  understood.  We  are  dealing  with  large  rereivinjt 
openings  and  coarse  crushing.  During  the  last  few  yeara  a 
demand  has  arisen  for  crushers  of  this  magnitude  in  order  to 
introduce  economies  in  the  mining  and  milling  of  ores.  It  has 
long  been  recognized  that  rork  breaking  is  cheaper  than  stamp 
milling  down  to  a  Kize  of  about  1  in.,  and  now  it  is  beginning 
to  be  understood  that  rock  breaking  is  cheaper  than  bulldozing 
and  sledging  pieces  several  feet  in  each  dimension.  This,  of 
course,  applies  only  to  large-scale  operations  where  the  amount 
to  be  handled  and  the  transportation  equipment  render  such  an 
installs-tlon  fea.Hilile.  To  show  the  economies  possible  in  this 
direction  it  may  be  noted  that  at  the  Treadwelt  mines  in  1003  * 
the  amount  of  powder  used  in  stoping  was  QM  lb.  per  ton  of 
ore  mined,  while  it  required  O.flS  lb.  per  ton  mined  to  bulldoze 
this  rock  after  it  was  stoped,     It  required  one  man  breaking  rock 

•  The  Treidwpll  Oroap  of  Uln«.  Douglu  Id..  Atadi*.  by  E.  A.  Kiniie,     , 
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(or  esch  machine  drill.  Much  labor  was  necessary  on  the  teed 
flaor  of  the  crusher.  The  pf  ratory  crushers  in  use  did  not  receive 
Urge  pieces.  It  is  understood  that  improvements  in  this  direc- 
tion are  now  planned. 

Beturning  to  the  tabulated  features  ot  the  cnisherB  with  large 
feed  opening,  one  Is  impreased  at  once  with  the  enormous  rapac- 
ity and  coloBsal  size  of  the  gyratory  machines  for  this  class 
nf  work.  While  the  calculations  show  that  the  gyratory  crushers 
in  these  sizes  have  marked  advantafjen  in  efficiency,  their  tre- 
mendous size  and  cost  are  prohibitive  unless  their  large  capac- 
ities can  be  iitilii«d.  The  36x2S2-in.  oratory  is  estimated  to 
have  a  capacity  of  900  tons  per  hour  to  a  12-in.  product,  and  the 
4-2x34S-in,  1,200  tone  per  hour  to  16-in.  It  wonld  be  a  re- 
markable mining  or  quarrying  operation  that  would  furnish 
large  matertal  at  such  a  rale,  and  that  is  why  we  do  not  hear  of 
cyratory  cru»herB  of  such  dimensions.  F^ome  machines  have  been 
built  larger  than  24  x  lf)8-in.,  but  they  are  not  likely  to  come  into 
Eeneral  use.  On  the  other  hand  the  larae  lllake  crushers  are 
rommonty  built  and  successfully  installed.  Their  capacity  is 
usually  in  excess  of  the  requirement,  but,  as  is  evident  from  Table 
I,  not  to  the  prohlliitive  extent  that  is  true  of  the  gyratory  type. 

CrnihiAK  Plant  for  200-Stamp  Kill.  As  an  illustration  of  the 
application  of  the  preceding  data  and  conclusions,  the  design  of  a 
crushing  plant  for  a  200-Btamp  mill  will  l>e  considered.  Assume 
a  wide  body  of  hard  ore,  which  can  be  mined  cheaply  if  the  ore 
does  not  have  to  be  blasted  beyond  what  is  necessary  to  break 
it  from  the  solid,  and  adequate  transportation  facilities  are  pro- 
vided to  convey  the  large  material  to  the  crushing  house.  I 
further  b8'T"'"p  that  a  knowledge  of  the  character  of  the  vein 
and  the  general  couditions  of  mining  are  such  that  it  will  be 
desirable  to  provide  for  receiving  pieces  up  to  30x42  in.  Assume 
that  the  stamps  have  a  capacity  of  5  tons  per  day,  then  for  the 
200.Btamp  mill  l.flOO  tons  per  day  crushed  to  pass  a  1%-'i>.  ring 
(equivalent  to  I'^-in.  cube)  must  be  delivered  by  the  proposed 
crushing  piant.  It  is  apparent  that  the  ore  must  be  crushed 
in  stages.  Since  the  initial  crushers  of  large  receiving  opening 
will  of  necessity  have  a  targe  capacity,  it  will  he  best  to  con- 
centrate the  crushing  into  one  S-hoitr  shift,  thus  introducing 
econoraies  in  operation.  This  calls  for  a  crushing  capacity  of 
1^  tons  per  hour. 

Tn  Table  III  the  distribution  of  sizes  in  run-of-mine  ore  is 
obtained  from  experience-  The  percentages  of  the  different 
sized  particles  in  the  product  delivered  by  any  particular  crusher 
may  be  found  by  consulting  the  diagram  shown  in  Fig.  113.  For 
example,  when  crushing  to   pass  a  6-in.   ring,   Sl%    will    pass 
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a  5-in.,  and  about  20%  will  go  through  a.  l^^-in.  ring.  This 
diagram'  was  constructed  by  the  Power  and  Mining  Machinery 
Co.,  and  is  stated  to  be  the  resalt  of  the  coinpilatioo  of  a.  large 


amount  of  experimental  data.  The  results  obtained  are  stated 
to  have  been  uniForm,  and  the  diagram  is  recommended  to  be 
used  to  determine  the  percentages  of  certain  sized  prodncts  from 
any    crusher,    roll,    or   screen.    The   diagram    is    approximately 
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correct  for  h&rd  friable  ore;  and  proper  allowance  must  be  made 
if  the  rock  Las  any  inherent  tendent?;  to  break  in  a,  certain  way. 

Taking  the  reqEired  capaiities  and  duties  as  arrived  at  in 
Talile  III  and  referring  to  Table  I,  it  is  apparpnt  that  we  would 
select  the  42  x  SO-iu.  Blake  crusher  for  the  initial  breaker.  This 
machine  hau  exceee  capacity  over  what  ia  required,  but  not  Huch 
enormous  esces^  roHt  and  capacity  ae  a  gyratonry  for  the  same 
work.  For  the  secondary  crushing  one  12  x  88-in.  gyratory  is 
strikingly  superior,  as  it  would  require  three  24xl2-in.,  or  two 
40  X  12-in.,  or  two  3G  x  18-in.  Blake  crushers  tor  the  same  capacity. 
For  the  linal  crushing  two  10  x  SO-iu.  gyratory  crushers  would  be 
indicated. 

It  the  ore  foundation  and  conditions  of  mining  and  traiisporta- 
tion  were  euch  that  an  initial  crutiher  to  receive  pieces  24x36-in. 
wax  sufficiently  large,  it  would  be  foUnd.  upon  making  a  nize 
analysia  similar  to  that  shown  in  Table  ill  for  36  x  42-in.  that  one 
36  K24-in.  Bldke  machine  crushing,  to  4-in.,  followed  by  two 
lOxSO'ln,  gyratory  crush? rs  each  gtviiig  a  product  to  pass  a 
l?i-in,  ring,  wouia  meet  the  conditions. 

In  an  installation  of  tlie  size  considered  above,  the  crushing 
plant  would  be  separated  from  the  mill,  the  crushed  product 
being  delivered  to  the  ore  bins  tiycoDveyere.  The  large  initial 
crusher  must  have  a  solid  foundation,  preferably  resting 'directly 
on  the  ground.  The  large  pietes  to  be  handled  make  it  injperative 
that  the  ore  be  dumiied  into  a  receiving  hoppcTthat  f^ds  directly 
to  the  large  crusher.  Jf  a  gravity-plant  site  is  not  available  or 
deeirable,  there  is  no  diihculty  in  elevating , the  product  of  the 
initial  crustier  for  further  reduction. 

The'conctusionB.  reached  above  are  in  accwdance  with  the  most 
advanced  practice:  The  economy  of  breaking  by  crusher  over 
bulldoxing  and  sledging  is  beginning  to  be  appreciated.  Recent 
installations  in  South  Africa  employ  large  Blake  crushers  for 
initial  breakers,  followed  by  gyratory  machines  preliminary  to 
stamp  mjtltng.  A  notable  installation  in  the  United  Stal«s  is 
that  of  a  60 X  42-in.  Farrell-Bacon  jaw  crusher  capable  of  bTreaking 
down  to  l«-in.  the  largest  piB<ea  of  hard  iron  ore  that  can  be 
handled  liy  a  TO-ton  steam  shovel.  Otiier  plants  where  economies 
have  been  secured  by  introducing  large  initial  crushers  of  the 
Farrel-Baeon  jaw  type  are  the  Granby  mines,  Phoenix,  B.  C,  the 
'British  Columbia  Copper  Company  and  the  N^atomas  Consolidated 
of  California. 

In  conclusion  It  may  be  said  that  while  each  type  has  a  Held 
in  which  it  is  superior,  no  sharp  lines  can  Ik  drawn  because  of 
the  many  factors  involved.  It  is  believed,  however,  that  with 
the  ai4  of  the  data  here  presented  ah  iQvestigation  along  the  lines 
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indicated  will  quickl;  disclose  tlie  most  desirable  machine  for 
any  particular  service. 

Note  particular!;  that  the  capacity  in  toDs  per  hour  of  a 
crustier  ia  a  very  uncertain  quantity.  The  data  in  these  tables 
have  been  gathered  from  various  sourcen  and  are  believed  to  be 
fairly  accurate,  but  the  author  diaclaims  responsibility  for  what 
any  one  prusher  may  do  on  any  particular  job  or  on  any  particu- 
lar kind  of  rock.  The  only  safe  course  is  to  leave  a  liberal 
margin  for  contingencies.  The  guaranteed  capacity  of  a  manu- 
facturer, even  if  accompanied  by  spec  ifi  cat  ions  and  a  contract, 
may  mean  only  the  guaranteed  capacity  for  a  run  of  an  hour,  and 
at  the  end  of  the  hour  the  machinery  may  need  to  stand  still 
for  another  hour  to  cool  off.  Crushers  have  been  sold  on  such 
a.  basis  more  than  once  to  the  sad  discomfiture  of  the  contractor. 

Table  III. —  Size  ANALrsia. 
Crushing  Plant  Designed  for  125  Tons  per  Hour. 


Feed  to  Aral  crnghcr  55 

Frodact  of  flrtt  enshar 3D  15  10 

Feed  lo  aeeond  cruBher  TO 

Frodnct  of  iiecond  crueher 30  10 

Feed  to  third  cruBher  60 

ProdocI  ol  third  crosher  60 

In  asking  for  estimates  on  crusher  plants,  the  following  in- 
formation should  be  given  the  manufacturer; 

The  nature  of  the  material  to  be  crushed. 

Tons  or  cubic  yards  to  be  crushed  per  day  of  ten  hours. 

Sizes  into  which  the  material  is  to  be  screened. 

The'difTerent  sizes  to  be  obtained. 

Storage  capacity  for  crushed  stone  desired. 

(This  information  will  enable  the  determination  of  the  proper 
length   of  elevator  if  one  is  needed.) 

Whether  power  plant  is  wanted. 

( If  so,  kind  of  power  preferred,  steam  or  electrical.  If  elec- 
trical, advise  whether  direct  or  alternating  current,  and  voltage, 
phaae  and  cycle.) 

System  of  delivering  rock  to  the  crusher  best  fitted  to  local 
conditions: 

A  —  incline  and  automatic  dump  cars. 

B  —  Level  with  end  dump  cars  and  tipple. 

C  —  Level  with  side  dump  cars, 

D  —  Incline  chute.  c.GooijIu 
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E  —  Incline  track. 

F  —  Dump  cars  on  tramway. 

G  —  Horse  and  cart.  < 

Give  an  idea  as  to  the  character  of  the  j[TOUDd  in  the  proposesd 
location;  whether  level  or  on  a  hilUide.  If  on  a  hillside,  give 
approximately  the  grade  with  a  rough  sketch  of  the  site,  if  pos- 
sible, showing  the  position  of  the  quarry  relative  to  the  plajit 
and  the  position  of  railroad  tr^clcB. 

Answers  to  the  above  queationB,  together  with  such  other  aug- 
geations  and  directions  as  may  be  offered  by  a  prospective  ens- 
tamer,  will  facilitate  very  much  the  prepairation  of  plans  and  the 
selection  of  appropriate  machinery  foi  the  plant.   ., 


c.Cooglt^ 
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DEBEICKS 

Sulky  Senlelc  having  a  capacity  of  2  tons,  tim))er  of  4  by  4  in. 
bj  12  ft.  spruce  or  pine  including  two  single  blacks  and  50  ft. 
steel  wire  rope  or   100  ft.  manila  rope  coHts  S142.      (Fig.   114;) 

Foot  leg  Derrlclc  4  by  4  in.  by  12  ft.  of  spruce  or  pipe,  with 
iron  drum  and  gear,  but  without  blocks  or   rope  costs  $75. 

Three  Leg  I>erTlek  3  by  3  in.  by  11  ft.  of  spruce  or  pine  with 
wooden  drum  Q  by  30  in,  and  no  gear,  blocks  or  rope  costs  S3S, 

Tripod  Derrick  constructed  of  black  steel  pipe  and  steel  drop 
forged  fittings  costs  as  follows   (no  blocks  or  rope  included)  ; 
Oapuitr  in  lb.  Wslsht  In  lb.  Price 


4,000  Be^oUr  18  56,00 

If  longer  lengths  are  desired  add  $1.10  per  ft.,  for  more  capacity 
add  S2.20  per  1,000  lb.,  fish  tackle  to  swing  derrick  in  and  out, 
with  5  blocks  and  50  ft.  rope,  $7.20, 

Light  Pole  Derrick  capacity  1,400  lb.  with  100  ft.  cable  and 
winch,  not  geared,  complete  with  no  guy  lines,  IS  ft.  $44, 

Pole  Derrick  complete  with  winch,  125  ft.  steel  cable  and  block; 


S,DDO  to  10,000  IS  iKiO 

For  additional  lengths  add  $1.10,  Jl.flS  and  $2.20  respectively 
per  ft, 

A-Frame  Derrick.    For  hoisting  and  setting  timbers,  columns, 

beams,   etc.     Complete   with    125-ft.   cable,   block,   geared   winch, 

height  21  ft.,  capacity  2,500  lb.,  price  $70.    Combination  pole  and 

derrick  $80.  t 

287 
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Tower  Boom  with  I4-ft.  boom  $60.50.  Add  $1.10  per  ft.  foi 
additional  lengths  up  to  24  ft.     Fittings  $45.50  per  set. 

CiTDle  Swing  Bnilder'i  Derrlok.  Capacity  1,000  lb.,  weiphi 
200  lb.,'  can  be  operated  by  hand,  horse  or  power.  Height  7¥. 
It.,  boom  extends  5  ft.,  equipped  complete  with  110-ft.  st«el  cable 

Hand  power   (4S.5II 

Hand  and  power  51.20 


Fig.   114.     Sulky  Derrick.  , 

Capacity   1,800  lb.,   weight  275   lb.,  height  8  ft,  Bwing   10  ft, 
equipped  with   125  ft.  cable. 

H«nd   power   (62.80 

Hand  and  power  66.50 

Capacity  2,500   lb,  weight  350   lb.,  height  8   ft.,   swing   10  ft^ 
equipped  with   150  ft.  cable. 


Sleel  boom  txtrt  

Stiff  Leg  Derrlcki.     Complete  fittings  without  timber  for  de^ 
rick  to  lie  operated  by  a  double  drum  steam  or  electric  hoist  c 
is  follows; 


o  be  operated  bj  a,  double  drum  lioiHting  engine  c< 
Three  part  line 


Another  make  of  derrick  coats  as  fotloWH: 

Gur  Debbicks  fob  Stsbdabb  Work 

Capadly  ApproxiiiiBte  shipping  Price 

ia  toiu  weiehl  o(  flitings  in  lb.  t.  o.  b.  Nnw  Jersey 


Gut  Derrick  s  fob  Bucket  Wokk 

lehet  ApproximBle  shipping  1 

welEbt  at  flttlnes  in  lb.  I.  o.  b. 

SU5 

eS55 
6E5e 

Stiff  Leb  Debbjckr  fob  Standabd  Work 

l]r  Approximste  ehippine  ] 

>  weiglit  of  finings  Tn  lb.  t,  o.  b. ! 


tci;.Go<Jg!e 
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Stiff  Leo  Debbices  i 


Loaded  bucket 


DB    BxJCKBt    WOBK 


The  prices  of  the  atilf  leg  and  g\iy  derricks  include  all  neces- 
sary fittings,  bolts,  sheaves,  blocks  and  12  ft.  all  steel  bull 
wheels  with   guide   aheftves,   but  do  not   include   any   timbers   or 


Fig.  115.    Stiff  Leg  Derrick. 

JlNNIWINK    DEBBICKS 

Approximate  shippine 


The  price  of  the  three  ton  size  includes  a  pair  of  0  in.  double 
sheave  manila  rope  blocks  and  the  manlla  rope  snatch  block  for  ] 
the  boom  fall  line,  which  is  uBually  snagged  to  a  cleat  on  the  ! 
A  frame  when  the  derrick  is  in  operation.  Two  9  in.  double  i 
manila  rope  blocks  and  a  single  drum  purchase  hand  power  are  , 
also. included  for  the  main  fall.     N^o  timbers  or  rope  are  included.  ' 

The  price  of  similar  material  for  the  S  ton  size  to  be  operated  i 
by  an  engine,  which  is  the  usual  rig,  is  given  above.  The  price  I 
for  this  derrick  to  be  operated  by  hand  power  is  approslnukt«Iy  I 


c.Googlu 
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IRONS  FOR  POWER-OPERATED  STIFF-LEG  DERETCKS 

The  following  list,  to  accompRnj  Fig.  116,  enumerates  the  moat 
important  metal  parts  of  stifF-leg  derricks  to  be  operated  by 
power.     It  does  not  include  fnride  shenvea,  blocks,  or  other  numing 


Iron  Work  Complete  for  Power  Stiff-Leg  Derrick  — 
Regularly  Furniahed^ 


Shesve     with 

In  tmilding  1,000  ft.  of  I5-in.  pipe  sewer  at  B)g  Rapids,  Mich., 
a  trench  4  ft.  wide  and  about  15.5  ft.  deep  waa  dug  in  gravel  and 
boulders.    About   8   cords   of   stone,   many   of  them    large   size 
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and  near  tie  bottom  of  the  trench,   were   renio\<Bd.    A    f-uUer 
description  of  this  work  is  in  Gillette's  "Cost  Data,"  p.  817- 

The  firet  5  ft.  were  taken  out  with  a  scraper  and  a  team  a,ad 
driver.  The  remainder  waB  removed  in  buckets  with  a  derrick 
having  a  capacity  of  1,500  lb.,  18-ft.  mast  and  18-ft.  boom, 
with  sheaves  arranged  for  three  lines  in  the  bottom  tackle  and 


Fig.  117.    Parker  Derrick  No.  i  —  Hand  Power. 

thre«  lines  in   the  hoisting  tackle.     About  50  ft.   of  sewi 

completed  per  day  at  the   following  cost; 


iBJBn  dumiiing  .craper  at  «.B0  

3  men  pulling  Hhe«iiDg  sad  carryini  It  at  tl.IJ 
1  man  pullJDg  slieetinE  sod  Mtrjini  it  St  II. 
1  horae  »nd  JrWer  on  haul  line  at  12,60 

4  nwn  flllins  two  hi  fu.  yd   buclnta  at  H.EO  .. 

1  mno  laying  pipe  at  WOO  

1  pipe  layer^  hslper  «  HW  
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This  gives  a  cost  of  SO.S  cents  per  lin.  ft.  of  sewer.  Tlie 
irtoal  cost  of  excavation  was  SO  cents  per  yd.  for  BCraper  and  12.0 
f*nt8  for  derrick  work.  The  derrick  was  moved  two  or  thr(* 
times  a  day,  which  took,  about  seven  minutes  each  time. 

ib.  Saunders  gives  tbe  following  detailed  coit  of  a  large 
quarry  derrick  with  a  capacity  on  a  single  line  of  20  tana. 

rimber  for  msel  M"i24"i75'  (45.09 

Timber  for  boom  6S'  M.KO 

Eipemie  at  deliiering  ilmber ISM 

Cupenter  work  on  tnut  and  boom  at  {12.50  a  day  2S.no 

Derrick  Irom,  sheBvea    219.00 

l.mv  of  beat  galToniied  1~  Iron  ro)ie  for  8  guy  237.01) 

Thimbles,  eUmp«,  ete 2S0ft 

BOO'  Hteel  hoigtine  rope,  1%"  2«.00 

Idbor  on  dead  meo,  4  men.  2  days  at  (1.40 1120 

Labor  railing  dcrrlrk,  8  tnea,  2  daya  at  (1,40  22.40 

Labor  flxing  gara,  8  men,  2  days  at  (1.40 22.40 

Total  (prior  to  1912)  (891.50 

On  railroad  work  in  Newark  it  took  sii  men  and  n  foreman 
one  d&y  to  move  a  atiff-leg  derrick  with  a  60-ft.  boom  150  feet  and 
one  day  to  set  it  up,  at  a  total  cost  of  $24,00.  This  includes 
moving  the  engine  and  the  atone  used  to  weight  the  BtifT  legs. 
Two  guy  derricks  with  TO-ft.  manta  and  HO-ft.  booms  were  used  for 
two  ;pBrs  in  building  a  concrete  tllter.  During  that  period  they 
were  erected  once,  moved  five  times,  and  finally  removed  once 
at  a  cost  of  $1,400,  an  average  of  JlOO  per  move.  As  a  rule, 
however,  s  guy  derrick  con  be  shifted  more  easily  than  a  stiff- 
leg  derrick,  as  there  are  no  stones  to  be  handled.  Above  costs 
were  prior  to  1912. 

Derricks  should  be  provided  with  a  bull  wheel  where  possible, 
IS  the  waires  of   two  tagmen  will  soon  pay  for  it. 

Bizes  and  prices  of  steel  bull  wheels  complete  with  braces: 

DitBwIer.  For  booma.  Weight 

f»«t  length  in  (set  romplete  Price 

(  40                                 1«I0  ISOO 

IS  60                                 2000  4T5 

14  JO            ■                     3000  KO 

u  80  3700  eso 

A  derrick  formerly  known  as  the  Kearns  derrick  was  used  in 
the  construction  of  a  14-ft.  concrete  sewer  at  Louisville,  Ky.  The 
>ie»«  was  4,230  ft.  long  and  had  an  average  depth  of  39.3  ft, ; 
the  average  numlwr  of  yards  per  ft.  wa.8  26.5.  The  derrick 
excavated  to  within  14  ft.  of  the  bottom,  and  s.  Potter  machine 
excavated  the  remainder  and  carried  it  to  the  rear  fur  backfill. 
The  derrick  operated  a  %-yd.  clamshell  bucket,  which  loaded 
into  vagons  for  spoiling,  or  into  Koppel  cars  for  backfill.  The 
output  was  about  1,500  cu,  yds.  per  wedc. 
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The  macbine  consisted  of  r  stiff-leg  derrick  mennted  on  a 
turn-table.  The  power  plant  was  a  7  x  10  in.  engine  with  Uiree 
drums,  and  a  30  hp.  boiler.  The  entire  outfit  cost  About  $6,600, 
prior  to   I9I2. 

Kethod  of  Depositing  Haterial  by  Demok  Beyond  Beaeh  of 
Boom.  The  following  notes  by  Mr.  M.  A.  Milliff  appeared  iD 
Eiigitteering  and  Contracting,  Feb.   2,   1918. 

The  fitting  of  the  derrick  and  the  mode  of  operation  are  ihown 
by  the  diagrams  1  to  5  in  Fig.  IIS.  Tliree  lines  are  employed. 
From   the   back  drum   the  load   tine   runs   througli  a.  sheave   at 


Fig.  118 

the  mast  bottom,  thence  thi'ough  a  sheave  at  the  boom  end,  and 
its  end  is  made  fast  to  a  steel  block.  Frova  the  middle  drum  the 
trolley  line  runs  through  a  stream  at  the  mast  bottom,  thence 
through  the  boom  end  stream,  thence  through  the  steel  blodi  and 
thence  to  the  top  of  the  gin  pole  where  It  is  made  fast.  From 
the  first  drum  the  boom  liiie  runs  through  a  sleeve  at  the  mast 
bottom,  thence  to  another  at  the  mast  top,  thence  to  boom  end 
sleeve,  thence  back  -to  a  second  sleeve  at  the  mast  top  and  thence 
it  is  dead  ended  to  the  middle  of  the  boom. 

If  a  two-drum  engine  is  to  be  used,  the  boom  line  can  be 
carried  on  a  hand  crab,  as  only  an  accaslonal  change  in  the 
position  of  the  boom  is  necessary.    The  block  nsed  is  an  ordi- 
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nary  Bingle-sheave  steel  blotk  with  swivel  hook.  It  Is  neeesMry 
to  cut  out  the  rivet  or  bolt  m  corner  fKcmg  deTrick,  M  trolley 
cable  would  rub  on  it  during  operation. 

The  material  box  is  an  open-end  skip  of  1-cn.  yd.  capacity, 
fitted  with  chains  —  one  to  each  back  comer  and  one  to  the 
middle  of  the  front  end.  The  front  chain  is  fitted  with  a  trip- 
book.  The  ring  in  end  of  the  chains  ia  hooked  in  the  hook  in 
the  block. 

For  the  gin  pole  or  tail  tower,  28-ft.  jellow  pine  piles  were 
used,  set  up  on  a  suitable  foundation  to  prevent  sinking  into 
the  ground  under  strain.     Old  hoi>iting  cable  was  used  for  guya. 

I  abowe  position  when  picking  up  the  loaded  box.  The 
operator  hoiete  the  load  by  picking  up  on  the  load  line,  bringing 
the  trolley  line  tight  ,«b  the  load  is  raised  and  twinging  the 
derrick  around  so  that  the  boom  will  face,  the  gin  pole.  The  load 
in  hoisted  to  the  desired  heiglit  and  the  trolley  line  tightened  aa 
shown  in  2.  At  this  point  the  operator  holds  the  trolley  line 
tight  with  the  foot-brake  and  then  releases  friction  on  the  drum 
carrying  the  <loBd  line,  which  allows  the  )k>x  to  trolley  toward  the 
gin  pole  as  shown  in  3.  ^Mien  the  box  is  over  desired  d><mping 
place  the  foot-brake  holding  the  trolley  line  t^ht  is  released, 
allowing  the  box  to  drop  as  shovm  in  4.  The  hook  on  the  front 
chain  ia  then  tripped  and  the  box  is  dumped  by  bringing  the 
trolley  line  tight,  as  shown  in  5.  The  box  is  returned  by  pulling 
in  on  the  load  line  and  slacking  off  on  the  trolley  line,  bringing 
the  box  back  into  position  for  loading. 

The  derrick  can  be  swung  around  by  swinging  gear  or  swinging 
engine  and  bull  wheel  as  in  other  derrick  work.  It  was  found, 
however,  that  it  was  necessary  to  put  an  attachment  on  the  end 
of  the  boom  to  prevent  the  trolley  line  from  jumping  out  of  the 
sheave  when  worked  at  an  angle  greater  than  60  degrees  each 
side  of  the  line  from  the  derrick  to  the  gin  pole. 

Two  derricks  were  used  on  this  work,  hath  being  10-ton  steel 
guy  derricks  with  8D-ft.  mast«  and  75-ft.  IxMims.  One  derrick 
was  equipped  with  a  three-drum  7^  by  10-in.  hoisting  engine 
with  swinging  gear  attached,  and  the  other  with  a  two-drum 
S^  X  10-in.  engine  with  independent  swinging  engine.  The  HU 
X  10-in.  engine  did  the  work  more  satisfactorily  tban  the  imaller 

The  trolley  line  arrangement  has  been  operated  for  a  distance 
of  3CW  ft.  with  a  12-ft.  drop.  The  load  necessary  to  operate  it 
depends  on  the  condition  of  the  hoisting  engine 'and  the  ease 
with  which  the  drums  overhaul,  bnt  it  Is  believed  that  a  B.500-lb. 
load  will  be  found  necessary  to  operate  trolley  on  this  flat  slope,  ■ 

In  hailing  slush  out  of  'a  hole  where  Ave  men  filled  the  boxes 
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with    buckets    and    one    foreman,    one   hoisting   engineer    and    a. 
Uborer  to  dump  the  boxea  completed  the  crew,  137  boxes  have  been 
moved  in  eight  hours.     In  harder  digging,  where  it  wae  neceBSBr; 
to  load  the  boxes  wi(h  shovels,  an  average  of  TO  boxes  in  eight  i 
hours   has  been  maintained  with  the  following  crew:    One   fore-   ' 
man;  one  hoisting  engineer;  and  eight  laborers. 


Fig.  liy.     Derrick  Arran);ed  to  Prevent  Twisting  of  Fall   Bloi-t. 


Uethod  of  Eeepins  Fall  Block  on  a  Derrick  from  Twisting 
and  Swinging.  Ah  shown  by  Fig.  ll!l  a  cable  is  fastened  along 
the  boom  with  about  2  ft,  of  alack.  One  end  of  the  cable  is 
fastened  as  close  as  possible  to  the  sheave  near  the  end  of  the 
boom,  and  thu  oilier  end  of  the  cable  is  fastened  about  10  or  \j 
ft.  from  the  base  of  the  boom.  Two  flat  pieces  of  iron  about 
Vi  S.2  in. X 3  ft.  are  fastened  together  with  two  sheaves  between 
them,  one  sheave  at  each  end,  as  shown  in  the  sketch.     This  is  then 
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put  on  the  derrick  with  the  slack  cable  and  the  fall  line  passing 
between  the  sheaves,  as  shown  in  the  iteration  of  the  derrick. 
This  guide  glides  up  and  down  on  the  cables.  When  the  boom 
i»  being  lowered  the  guide  slides  up.  Beeidee  preventing  the 
twisting  of  the  blocks  it  also  serves,  to  some  extent,  in  preventing 
the  load  from   swinging. 

noating:  Derricks.  A  floating  derrick  was  purchased  by  the 
citT  of  Chicago  in  1905  at  a  cost  of  $5,287.26.  It  was  used  on 
t!ie  hydraulic  filling  of  the  Lincoln  Park  extension  in  1910  for 
various  purposes.  It  was  in  conunission  ten  hours  per  day  and 
nss  operated  by  a  crew  consisting  of  an  engineer,  fireman  and  a 
varying  number  of  deck  hands,  usually  four.  The  cost  of  opera- 
tion during  1910  was  as  follows: 

Henn  in  commluion  l.TSJiiO 

Labor  o(  operation   tl.S71.2> 

Vntl  and  lapplics  ■    B99.0T 

In»nr«ncB    100,01) 

Labor  repair.   M8.70 

TowiuB    17.62 

IVjUl     tZ.SB6.68 

Total  coat  of  rapairs  286.3! 

ToUl  coat  of  operation  157I).S6 

Total  coat  per  tour  l.SO 

ToUl  coat  per  dar  18.00 

During    1911    the   derrick   was  in   commission    for   440   hours 

with  a  crew  of  two  men,  and  for  1,254  hours  with  a  crew  of  six 

men.  The  cost  of  operation  and  repairs  for  the  1,694  hours  in 
Hrriee  is  given   as  follows: 

Cost  of  Dixuce  Ofgbation  and  Rgpaibs 

Operatioa  Per  hour 

Labor,    vatehing   %  1T8.6T 

pQBl 2J7.68 

Sapidles    UtXH 

Inanradce     96.BI> 

t  757.48  t0.te 

Labor    t   188.T0 

MMwial    140.7E 

Te«nn     14.l» 

t   343.46  I0.» 

Total  operation  and  repslri.  eiceptiai  operat- 

InK  labor    tI,100.S3  tO,«S 

ApHl  I  to  Aug.  I.  440  honn. 

Operatinc  labor   t   Sea.BS  Il.SS 

Fuel,  auppllei  and  repairs 0.66 
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After  Aur.  1.  1,2U  hoon. 

Operaiing  labor   :....  U.IBBJE  |2^ 

Fnd.  euppliM  and  npKin  O.tS 

Coet  per  hour,  1,254  hours tJ.lT 

TolaJ  COM  tor  rear  (mi)  t4,l£S.13     ■ 
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SECTION  30 
SIVIHa  OUTFITS 

A  diver's  ontftt  cooniBta  of  a  metal  helmet  or  head  covering, 
a  breadt  plate,  an  nir-tight  diving  suit,  anil  ahoea  with  vreighte. 
Weights  are  also  attached  to  his  waist  to  overcome  ^btu^ancj. 
The  helmet  alwaje  has  one  window  in  front,  uiuallj  me  on 
each  Bide,  and  Bametimes  one  near  the  top.  The  air  hoM  rune 
from  the  pump  to  a  valve  either  in  the  helmet  or  breaat.  pUte. 
Besides  thii  one,  a  safety  and  a  regulating  valve  for 'controlling 
the  pressure  are  provided.  The  diver  is  rained  or  lowered  fay  a 
rope  attached  to  his  waist  called  the  safety  line. 

The  air  pump  is  always  operated  by  hand  power,  may  have 
from  one  to  three  cylinders,  may  be  single  or  double  acting,  and 
of  either  the  lever  or  fly-wheel  type. 

The  following  are  the  pritcs  of;  several  diving  outfits.  The 
equiiHuent  fnraished  with  outfit  number  5  is  itemized;  that 
furnished  with  the  other  outfits  is  similar  but  more  extensive. 
In  outfit  No.  1  for  two  divers  the  equipment  is  duplicated, 
with  the  deception  of  the  pump  which  is  designed  so  that  it  may 
be  used  for  either  one  or  two  divers. 

There  is  a  large  number  of  extra  flttii^;B  and  equifment  not 
included  in  the  following  outfits,  such  as  eleatric  lanterns  and 
generator  outfits,  chafing  clothing, -cushions,  pads,  etc.- 

Helmets  cost  $176  to  $205;  suits  C60  and  $65;  air  pumps  $329 
to  $725;  hand  dynamo  with  cable,  lamp,  complete  $140.  Electric 
breast  lamp  fitted  with  lens  and  16  c.p.  lamp,  126  ft.  of  cable 
$40.  Submarine  electric  lantern  $75.  Magneto  for  blastidg  20 
holes  $35.     40  holes  $65.      (See  Blasting  Machines  and  Supplies.) 

Dtvlag  Outfit  Ho.  S.  This  is  designed  to  be  oaed  in  very  shal- 
low water  and  for  light  work.  It  is  for  one  diver  only  and  will 
supply  air  in  30  ft.  of  water.     It  is  B>fd«  up  as  follows: 

I  sir  pttmp.  two  cjrliDderi,  aicgle  sctlon  121(1.00 

PniSB  on  triinlf,  without  ciH.  tlM.  ' 

1  improTPd  diYinr  belmet.  three  Ughto.  compkta  lTIi.00 

1  rufibor  diving  Arm 60.00 

lOO  tt.  of  iMndard  whits  air  how,  two  piseea,  coupUnis  ..  80.00 

1  act  imog  welshu,  horusVw  pstwru  iO.OO 

1  pair  divine  ■ho«,  lead  lolea  24.00 

1  pair  cnff  axpanden    BM 
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1  pair  rubbe 
1  Die  or  iigi__. 


ti  yd.  Vub^J^JlotiT  «i 


set  tODplingi^  <*p*r«)   . 


Price  of  complete  ontllt  with  pump  on  plank  and  without  case, 
$373.3S.     Shipping  weight,  of  the  above  outllt  is  3dO  lb. 

Diving  OnUlt  No.  4  is  adapted  for  examinations  and  all  work 
of  brief  dnration  in  shallow  water,  as  for  water  wOrka,  aewer 
departmentg  and  contractors.  Ih  for  one  diver  only  and  will 
Bupplj  air  to  50  ft.  of  water.  Complete  outfit  with  single  cyl- 
inder, double  acting  air  ptunp,  helmet,  drese,  etc.,  $662.20. 
Shipping  weight  4TS  lb. 

IMtIiik  Outfit  H*.  3  is  eapeciallj  designed  for  river  and  harbor 
work.  Used  by  contractors,  engineers,  railroads,  ct*.  With  two 
cylinder,  single  action  pmnp  and  complete  equipment  for  one 
diver,  $1073.35.     Shipping  weight  1,IK»0  lb. 

DtvlnK  Oatfit  ITo.  3  for  special  work  in  deep  water  for  one 
diver,  is  designed  tor  general  work,  deep  sea  or  bIibIIow  water, 
harbor  and  dock  work,  wreiking,  salvage,  etc.  Will  snpply  air 
to  160  ft.  of  water.  Priee  of  complete  outfit  with  three  cylinder 
single  action  pump,  $1,203.35.     Shipping  weight  1,100  lb. 

DivlitE  Outfit  Ho.  lA.  Complete  with  one  cylinder,  double 
aetioa  air  pump  for  one  diver  in  05  ft-  of  water  (023.35.  Ship- 
ping weight  1,000  lb. 

DMnB  Outfit  Ho.  1.  For  general  use  of  contractors,  divere,  etc. 
Complete  outfit  for  one  diver,  $1,2^8.35.  Shipping  weight  1,200 
lb.  Complete  outfit  for  two  divere,  $1,871.70,  Bhipping  weight 
1,600  lb. 

All  the  foregoing  prices  are  f  .o.  b.  BoatMi  or  New  York. 

The  manufacturer  states  that  outfit  No.  2  or  No.  3  H  generally 
called  for  by  UMitractors. 

BELECTIOJI  or  DITZNQ  APPAKATUS 

In  the  selection  of  an  outfit  the  following  points  should  be 
given  csbreful  consideration: 

1.  Duration  of  the  work. 

2.  Whether  it  is  to  be  conducted  with  long  or  short  spaces 
of  time  intervening. 
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3.  Depth  of  water. 

4.  Whether  the  outfit  is  to  be  used  on  Toeky  or  sandy  bottom. 
.).    Character  of  the  work. 

U.    S«lectioD  of  the  pump. 

The  selection  of  tlie  pump  ia  the  moat  important  point,  and 
in  view  of  recent  experiments  and  tests  of  the  work  that  can  be 
acvompliehed  by  a  diver  at  differeDt  depths,  buyers  are  apt 
to  order  pumps  of  too  small  capacity.  A  volume  of  air  equal 
lo  that  ordinarily  breathed  at  the  surface  (about  1^  cubic  feet 
prr  minute)  should  be  introduced  into  the  helmet.  The  volume 
of  free  air  that  must  be  taken  in  by  the  pump  at  the  surface 
la  deliver  1  '^  cubic  feet  per  minute  at  6  fathoms  is  about  3 
i-ubic  feet:  at  16  fathoms,  about  6  cubic'  feet;  at  27  fathoms, 
■bout  9  cubic  feet,  etc. 

The  following  table  gives  pressure  in  pounds  per  square  inch 
it  a  given  depth  of  water: 


as 


pODDdi.  150  fMt,    6EU  pouniU  (uiufil  limit). 


H  (Mt.    31      poanda.  210  feert,    91>4  pouoda. 

120  fKi.    5ZU  pound!.  2*0  feet,  104      pounds. 


NOTES  OK  SIVIITO 

The  following  notes  have  been  taken  from  a  manufacturer's 
i-aUlog:  Due  to  the  stiain  and  ezcitunent  of  submarine  work 
Ihe  diver  is  not  quite  In  normal  condition.  The  greater  his 
eierticns  the  more  air  he  will  need,  as  is  the  case  whm  a  man 
rang  rather  than  walks. 

The  average  male  adult  breathes  at  the  rate  of  15  inhalations 
per  minute  or  approximately  .26  culuc  feet,  taking  30  cubic 
inches  as  the  average  inhalation.  Exhaled  air  contains  on  the 
iverage   about   70.1%   nitrogen,   1A£%   oxygen  and   4.4   carbonic 

The  superlkial  area  of  an  average  man  is  2,100  sq.  in.,  at 
atmospheric  pressure  (16  lb.  per  sq.  in.)  the  total  pressure  on  a 
man  is  about  32,400  lb.  At  a  depth  of  33  ft.  of  sea  water  the 
pressure  would  be  about  65,000  since  the  pressure  increases  nearly 
half  a  pound  per  sq.  inch  for  each  foot  in  depth.  The  preesure  is 
Utinced  by  the  air  supplied  from  pumps  or  compressors. 
Preaiure  gauges  are  generally  graduated  to  show  pressures  in 
excess  of  atmospheric  pressure,  that  is,  the  reading  of  the  gauge 
>>  always  about  10  lb.  less  than  the  absolute  pressure.  For 
ordinary  diving  work  the  above  data  will  be  entirely  adequate. 

In  computing  the  air  necessary  for  a  diver  it  must  be  re- 
membered that  the  volume  of  a  gas  under  pressure  varies  inveriety 
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with  that  pressure.  (Boyle's  Law.)  BxperimentB  show  that 
the  same  volume  of  air  should  be  maiutBined  for  all  depths,  that 
is,  the  supjtly  must  be  proportional  to  the  depth.  For  instBDce, 
if  a  diver  is  receiving  1  ^  cu.  ft.  in  a,  unit  of  time  at  the  surface, 
he  must  be  receiving  3  cu.  ft.  in  the  same  unit  of  time  when  he  is 
at  a  depth  of  33  ft.  where  the  pressure  is  15  lb.;  at  163  ft.,  9 
cu.  ft.;  and  at  297  ft,,  15  cu.  ft.  of  air.  However  if  two  or  three  I 
times  this  amount  of  air  be  available,  so  much  the  better. 

The  minimum  circulation  of  air  through  the  helmet  should  Tie 
equal  to: 


[       33 


Depth  in  feet        "1 
(34  if  fresh  water)  I 


r      Number  of  lb.  per  sq.  in.  excess  pressure  (water)  1 

or  1.5  X      I exerted  by 

L  l*-7  J 

or  1.5  times  the  number  of  atmospheres  absolute  pressure,  cubic 
feet  (measured  at  atmospheric  pressure)  per  minute. 

On  entering  the  water  the  ipcceased  pressure  drives  the  air 
from  the  lower  portion  to  the  upper  part  of  the  diver's  dress,  | 
forcing  the  water  against  the  lower  part  of  the  diver's  body. 
If  the  escape  valve  ie  wide  open  the  diver  will  probably  feel  the 
effects  of  the  increased  pressure  and  find  some  diffltrultj  In  breath' 
ing.  The  escape  valve  should  be  regulated  so  that  an  amonnt 
of  air  sufSeient  to  overcome  the  pressure  of  the  water  will  be 
retained  in  the  drees  and  helmet. 

The  formation  of  nitrogen  bubbles  in  the  blood  and  tisBtfes  has 
been  found  to  be  the  chief  difficulty  in  deep  diving.  This  danger 
can  he  obviat«d  to  a  large  degree  by  reducing  the  time  spent 
in  deep  water  and  by  making  the  descent  and  the  first  part  of  ' 
the  ascent  as  quickly  as  possible.  The  last  part  of  the  ascent 
being  made  in  fixed  stages.  The  old  theory  that  a  diver  should 
descend  slowly  has  been  exploded,  for  the  diver  wilt  absorb  nitro- 
gen as  the  descent  is  made.  Occasional  distress  occurs  in  rapid 
descents  from  pressure  on  the  ear  drums  altho  few  good  divers  are 
troubled  in  this  respect.  During  test  conducted  by  the  U.  8. 
Havy  alt  the  divers  were  able  to  descend  at  the  rate  of  100  ft. 
per  min. 

Sometimes  on  arriving  at  the  surface,  a  diver  will  experience 
difficulty  in  breathing  and  even  become  unconscious.  If  partly 
dressed  he  should  be  dressed  at  once  and  towered  to  slightly  more 
than  one  half  the  depth  at  'which  ha  waa  worliing  and  brought 
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np  according  to  the  tables.*  The  fact  that  he  ia  unconaciouB 
makes  no  difference  aa  thia  ia  the  ooly  wa,j  to  aave  his  life. 
When  poBHiWe  another  diver  may  be  aent  down  to  tend  the 
afflicted  diver.  Occaaioually  paralytic  aymptoma  appear  within 
a  few  minutea  and  sometimea  aa  late  as  a  bait  hour  after  the 
diver  comes  to  the  surface.  The  diver  should  be  lowered  and 
promptly  brouf^ht  back  to  the  surface.  If  the  diver  ia  afflicted 
with  the  "  bends "  it  will  be  found  that  these  pains  invariably 
pass  off  shortly,  but  immediate  nHef  may  be  obtained  by  recom- 
pression  followed  by  proper  decompression.  If  he  fails  to  answer 
sisals  he  should  be  brought  to  the  surface  and  artiRcial  respira- 
tion applied."  , 

•  The  Tables  refcmd  to.  Kcethcr  witk  Htl  inrtraetioiu  tor  luinB  dtvlag 
equipmeal,  mtj  be  had  from  the  manu (actum  from  vham  (ht  equipment  ia 
parchaaed.  The  tore(dn|  nolei  on  diviagr  were  abatractrd  from  th«  catsloi 
'    '     '  -    ■■  -    ^n..  Inc..  BoMon.  UiM.    A.  (OH  imdarilanding  of 
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DBAG  SCKAPEB  EXCAVATORS 

(See  Gmding  Machines.) 

Under  thU  heading  are  in^^luded  all  machines  that  All  buckets 
hj  dragging  them  along  the  ground.     The  simpler  form  of  drag 

flcrapers  pick  up  the  load,  when  being  pulled  to\irard  the  power 
unit,  carrying  the  material  in  and  ahead  of  the  bucket.  The 
bucket  is  then  pulled  back  along  the  ground,  and  the  operation 
repeated.  With  this  type  of  scraper  a  "  dead  man  "  is  put  down 
and  a  line  is  fastened  from  the  front  of  the  bucket  to  the  drum  of 
the  power  unit,  the  line  then  going  to  a  block  on  the  dead  man 
and  to  the  rear  of  the  bucket,  so  that  the  bucket  is  pulled  back 
and  forth  by  operating  the  drums. 

Drag  Hcraper  excavators  in  general  use  are  so  controlled  that 
the  bucket  is  lifted  above  the  ground,  after  being  filled  by 
scraping,  and  carried  to  the  point  of  discharge.  It  is  then 
dumped  and  returned,  above  the  ground,  to  the  point  of  excava- 
tion, lowered,  and  the  operation  repeated.  This  type  of  apparatus 
may  be  operated  hy  a  eableway,  or  self -contained  machine.  The 
cableways  may  be  run  with  steam,  electricity,  or  gasoline  and 
may  be  stationary,  or  operated  on  rail  a.  The  self-contained 
machines  are  furnished  with  wheel,  caterpillar  and  walking  trac- 

BottomleM  Drag  Scrapers  hold  from  0.6  to  7  cu.  yd.  and  coat 
from  $300  to  $700.  These  scrapers  are  furnished  with  renewable 
cutter  edges  or  teeth.  Gillette  says  it  requires  a  35  to  80  hp. 
engine,  %  to  1  in.  haul  back  line  and  1  to  lU  i".  pulling  line. 
With  a  600  ft.  haul  approximately  15  trips  per  hr.  should  he 
made;  with  a  1,500  ft.  haul  about  6  trips.  An  output  of  about 
SOO  cu.  yd.  per  9  hr.  day  can  be  averaged  under  favorable  con- 
ditions. 

This  type  of  excavator  will  work  to  any  depth  and  to  any  width 
and  is  adaptable  to  railroad  work,  stripping,  irrigation  ditches, 
river  work,  trunk  sewers  and  work  of  like  nature. 


..Cooylti 


DRAG  SCRAPER  EXCAVATORS 


By  James  C.  Bennett.* 

The  gold-dredging  industry  ot  California  has  given  rise  to  & 
method  of  leveling  ground  that  offers  poeiibility  of  r  consider- 
ably more  general  application  than  has  been  developed  to  date. 
The  method,  by  the  electric  drag  scraper,  was  originated  in  the 
Oroville  Held,  where  one  of  the  dredging  companies  was  required 
by  the  municipality  to  restore  to  an  approximately  level  surface 
the  ground  that  it  had  dredged  within  the  city  limits.  Although 
some  such  leveling  had  been  done  by  means  of  horses  and 
scrapers,  prior  to  the  development  of  the  electric  drag  scraper, 
it  had  been  on  small  tracts  only,  and  the  cost  had  been  almost 
prohibitive  when  the  acreage  involved  amounted  to  more  than 
one  or  two,  or  possibly  three,  acres. 

A  few  months  ago,  the  writer  was  called  upon  to  arrange  for 
grading  a  piece  of  ground.  The  work  involved  leveling  down 
some  piles  of  gravel  to  a  grade  suitable  for  building  lots,  making 
a  roadway  60  ft.  wide  by  600  ft.  long,  half  the  width  being  a 
cut  and  the  remainder  a  flit,  and  filling  a  large  water  hole  to  a 
grade  above  the  level  of  standing  water.  Practically  all  previous 
work  had  been  done  by  owners  on  force  account,  and,  since  the 
only  object  to  be  gsined  was  to  level  the  ground  to  any  con- 
venient grade,  no  attempt  had  been  made  to  determine  the  yard- 
age involved,  hence  no  unit  cost  was  available.  The  nearest 
approach  was  based  on  the  cont  per  acre,  which  ranged  from 
$175  to  $200  per  acre.  In  this,  however,  it  was  Impossible  to 
secure  any  suggestion  even  as  to  the  approximate  yardage  rep- 
reHent«d. 

In  preparation  for  the  proposed  work,  an  attempt  was  made  to 
determine  the  approximate  yardage  invdlvpd  by  a  rough  measure- 
ment, but  without  success.  Rome  idea  may  be  gained  of  thp  diffi- 
culties of  making  measurements  on  ground  of  this  character 
from  the  statement  tliat,  for  purposes  ot  railroad  construction  in 
this  field,  it  was  found  necessary  to  make  cross -sections  at  10-ft. 
intervals.  An  estimate  based  on  previous  acreage  costs  would 
be  unreliable  in  this  instance,  owing  to  the  necessity  of  working 
to  grade.  The  writer  and  the  contractors  made  a  joint  estimate 
of  the  time  required  to  do  the  work.     As  the  approximate  dally 

•  Abitrscted  ttam  Bnginfrins  Xtun,  ,-.  . 
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expense  was  known  within  fairly  narrow  limita,  tttig  afforded  the 
mMt  suitable  bapis  of  cost. 

Seventj-five  working  days  w«r  screed  upon  as  Huffieient  time 
to  complete  the  work.  This  was  to  include  lost  time  on  account 
of  repairs,  setting  deadmen,  moving  lines  and  blocks,  and  moving 
machine  from  one  position  to  another.  During,  and  upon  com- 
pletion of  the  work,  the  following  data  were  obtained: 

Daily  Expenses 

1  Winehman    :..: .' t       B.M 

I  Helpin  @  t2,M  6.00 

I  Barge  (far  mciTing  Unea,  etc.)  l.OO 

ISS.SS  kw.-hr.  ©  I'i.  cl 3.00 

Hslimg  a  iDtsl  daUy  eo«  ol  I     HJ» 

Time  Required  1 

No.  dust  actusUr  Bcraploi 62 


Making  tola]  days  worked   7i 

No.  vnnrklag  diya  in  which  no  work  waa  dane,  10 

Uakioc  eUpMd  working  time  dayi  82  | 

Coats 

72  daya  &  114.00  tl,00g.00                                I 

Repairs,  maleriala  odI^  35.00                                I 

i-bvai  ieaat,  taaa  wa  scraper,  enrficiiut  straet 

padfl,  1  dai  IO.0O 

«0a  It.  aecood  hond.  lij-in.  bBuling  Hue  .: 54.00 

SOO  n.  iscoDd  hind,  %-1n.  bMk  bne 10.00 

Deprecialian  at  10%  , 120.00 

Haklni  a  toMI  neat  of > tl.25T.W 

In  the  foregoing  figures,  as  will  be  noticed,  a  charge  is  made 
against  the  job  for  the  full  cost  of  the  ropee.  In  doing  this,  the 
job  is  being  charged  with  a  little  more  than  is  really  legitimate, 
as  the  same  ropes  are  good  for  probably  two  to  three  thousand 
yards  additional.  Also,  the  depreciation  charge  is  probably  lib- 
eral, as  there  is  very  little  severe  wear  and  tear, on  anything  but 
the  scraper.  . 

A  •.'lose  tally  was  kept  of  the  ni'inber  of  trips  made,  or  loads 
hauled,  and,  from  tim«  to  time,  the  loads  were  measured.  An 
average  of  1^  cu.  yd.  per  trip  is  believed  to  be  very  nearly 
correct.  The  total  amount  of  material  moved,  based  on  the 
number  of  trips  made,  was  15,300  en.  yds.  The  actual  coat  per 
cubic  yard,  was  thus  8.2  cents. 

For  the  82  days  of  actual  scraping,  the  average  running  time 
was  seven  hours  per  day. 
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Average  lenfth  of  haul  17B  ft. 

ATerage  d^ii  duly  !17  cu.  yd. 

largest  dsy's  duly  425  cu.  yd. 

ATerage  hootly  duly  36,2  en.  yd. 

The  equipment  consiited  of  a  nineli,  motor,  transtornipra.  ArAg 
scraper,  hauling  and  Itack  lines,  and  enatch  blocks.  The  wjnrh 
*aa  of  the  type  commonly  used  on  gold  dredites,  having  hePn 
token  from  a  dismantled  dredge.  It  was  driven  hy  a  50-hp. 
motor,  through  one  belt  and  two  gear  reduotions,  giving  a  rope 
speed  —  both  lines  —  of  about  130  ft.  per  minute.  There  was  but 
line  drum  on  the  winch,  having  a  central  flange  to  separate  the 
ropes.  The  hauling  speed  proved  a  very  eati^tartory  one,  but  the 
return  rope  nhould  have  been  xppeded  up  to  at  least  150  ft.,  and 
poasibl3'  would  have  workeil  aatiiifartnrily  at  ITS  ft.  per  minute. 
In  fitting  up  the  winch  for  the  scraping  work,  the  ori^nal  cast- 
iron   frame  was  discarded  in  favor  of  a  much   lighter  timber 


frame,  in  which  skids  wete  made  a  part  of  the  machine.  For 
transmitting  power  from  the  transformers  to  the  motor,  an 
armored  three -conductor  cable  was  used.  This  permitted  the 
H-inch  to  be  moved  about  the  field  with  its  own  power,  and  made 
unneeeasary  any  moving  of  transformers.  During  the  execution 
of  the  work,  the  winch  was  moved  twite,  that  is,  had  three  posi- 
tiouH,  including  the  original. 

The  transformers  were  not  disturbed  after  being  originally 
connected,  as  the  nature  of  the  ground  permitted  (he  selection  of 
a  location  within  reach  of  the  several  positions  of  the  winch.  The 
power  company  made  no  extra  charge  for  running  the  necessary 
pole  line  —  some  five  or  six  hundred  feet  —  and  connecting  the 
transformers  and  motor. 

The  scraper  was  made  of  2-in.  planks,  the  cross-section  being 
of  the  shape  shown  by  the  accompanying  sketch   (Pig.  120),     ITie 
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inside  meaaurenients  were  lA  x  13  in.  and  it  was  12  ft.  wide.  A 
little  experimenting  was  neceasftry  at  the  beginning  ot  the  work 
to  determine  the  correct  angle  at  which  the  bail  irons  should 
be  set.  It  was  found  necessary  to  make  one  or  two  changes  of 
this  angle  during  the  progress  of  the  work,  owing  to  different 
conditions  of  the  ground  and  material.  The  planks  were  wrell 
strapped  together  with  bar  steel,  and  the  ends  were  of  steel 
plate.  One,  and  some  of  the  time  two,  pieces  of  rail  were 
fastened  to  the  top  of  the  scraper  for  added  weight.  Both 
hauling  and   back   lines  were   second-hand   mine   hoist   ropes,    in 


a^oKit  . Of- „ 

Fig.  121.     Sketches  Showing  Operation  of  Field  Tower  Excavator. 

very  good  condition,  but  discarded  for  mine  use  in  cwnpliance 
with  state  mining  laws.  With  the  e.xception  of  one  or  two  small 
portions  of  the  work,  the  hauling  line  ran  over  only  one  snatch 
block,  while  the  back  line  ran  over  three  blpcks  a  large  portion 
of  the  time.  A  fairly  liberal  use  was  made  of  deadmen,  it  being 
more  economical  than  to  move  the  winch. 

A  Dragline  Scraper  EzoaTator  having  novel  features  was  used 
on  one  of  the  New  York  State  Barge  Canal  contracts  held  by  the 
Atlantic,  Gulf  &  Pacific  Co.,  New  York  City.  This  excavator 
is  known  as  a  Field  Tower  Scraper,  being  named  from  its  in- 
ventor,  the  superintendent  for  the  company  at  Comstock,  N.  Y. 
As  shown  by  Fig.  121,  the  essentials  of  the  excavator  are  a  mov- 
able tower,  a  cableway  and  hauling  lines  and  a  special  scraper 
bucket.  The  tower  carries  a  double  drum  engine.  From  one  drum 
a  line  passes  up  the  tower  and  over  a  sheave  located  from  one- 
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ourth  to  one-third  its  height  and  thence  down  to  the  bucket.  This 
i-  the  hauling  line.  The  aet^ond  line  passes  up  and  over  a  tower 
liead  sheave  and  thence  to  a  pulley  block  on  the  opposite  aide  of 
Ibe  prism.     This  pulley  block  rides  on  a  Vi-in.  cable  about  200  ft. 


Fig.   122.     Details  of  Tower   for   Field  Tower   Exeavat<ni.[,j 
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long,  stretched  par&lle)  to  the  prism  between  two  deadmen,  mov- 
ing along  the  cable  as  the  tower  moves.  This  second  line  is  the 
cableway  on  which  the  seraper  bucket  travels  back  and  forlh 
across  tlic  canal,  being  pulled  toward  the  tower  by  the  hauling 
line  and  sliding  back  by  gravity. 


The  Tower.  The  tower  is  a  framed  timber  structure  ol  height 
suitable  to  cover  the  width  of  the  eNcavalJon  for  which  it  is 
intended  (the  standard  tower  being  75  ft.  in  height).  This  tower 
rests  on  a  truswed  platform  or  car  which  carries  the  hoisting 
engine,  coal  and  other  supplies.  The  tower  is  rigidly  secured 
to  the  truss  and  guyed  by  back  stajB  to  the  projecting  back  end 
ol  the  platform.    The  platform  or  car  runs  on  tour  solid  double 
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flange  cast  ste^l  wheels,  16  in.  in  diameter  and  4  in.  tread. 
The  track  consists  of  two  OO'lb.  rails  each  spiked  to  SxS  in. x4 
tt.  ties  spaced  2  ft.  apart  and  bolted  to  two  2  x  12  in.  x  30  ft. 
planks.  The  engine  may  be  any  good  make  10x12  in.  engine 
with  double  drums  and  two  niggerheads.  The  hauling  line  is 
%  in.  and  return  cahTe  is  %  in.;  18  in.  sheaves  are  used. 


Fig.  124.    Type  of  Built-up  Timber  Mast,     Photo  Taken  o 
Reservoir  Cleaning  Job. 


The  tower  is  moved  forward  or  back  by  a  1^  in.  manila  line 
secured  to  a  deadman  suitably  placed,  passing  through  sheaves 
secured  to  tlie  platform  and  around  the  niggerhead.  The  track 
is  also  moved  ahead  by  the  same  mean*,  the  deadmen  being 
di*ipen»ed  with  and  line  passing  around  tlie  end  of  a  boom  whic> 
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is  a  part  of  the  tower.  The  line  around  the  niggerhead  is  op- 
erated b;  the  firetuan. 

The  operator's  cabin,  is  placed  up  about  one-third  the  height 
of  the  toww  in  full  view  of  the  work,  and  the  engine  is  manipu- 
lated b;  suitable  levers  and  brakes  connecting  the  operating; 
cabin  with  the  engine. 

Scraper  Bncket.  The  distinctive  feature  of  the  excavation 
is  the  scraper  bucket  which  ia  shown  b;  Fig.  125.  This  bucket  has 
a  capacity  of  48  cu.  ft,  level  full,  but  in  ordinary  material  it  will 
"  crown  up  "  to  2  cu.  yd.  capacity.  Particularly  easy  and  certain 
control  are  claimed  for  thia  budiet.  These  advantages  are 
brought  about  by  the  combination  of  two  sheaves  placed  at  the 
rear  end  of  the  scraper  at  right  angles  and  vertically  to  it,  the 
return  line  passing  reversely  over  the  upper  and  under  the  lower 
sheave,  while  the  bottom  of  the  scraper  ia  fitted  with  two  curved 
cradles  or  shoes,  resulting,  in  connection  with  the  pulling  line, 
in  such  control  of  the  cutting  edge  that  the  scraper  can  be  sus- 
tained at  any  vertical  angle  at  the  will  of  the  operator. 

Goit  DaU.  The  chief  first  cost  of  thi«  plant  is  in  the  hoist- 
ing engine  and  cable,  which  are  all  standard  commercial  designs 
and  usable  for  other  purposes.  The  following  is  an  estimate 
furnished  by  the  Atlantic,  Gulf  &  Pacific  Co.  of  the  cost  of  a 
tower  scraper  plant,  including  everything: 

6.080  ft.  B.  U.  lumber  at  t3S  per  M t   193.04 

360  It.  B.  U  while  oak  at  MG  per  U. l«.a) 

MO  lb.  ironbollB  aad  out!  at  S  ct 3S.M 

lao  ft.  Win.  wire  rope  bartelaye 13.30 

2  Win.  turnbucklas   .M 

1  headblock  ilieare  and  besrinc  ID  00 

I  hauling  ahPasB  and   bearing   4.0* 

1  S>4  z  10  Lidraiwood  double  drum  boiatini  eueine  . .  1,D8>.00 
1  scraper  bucket,  complete  with  catting  edge,  sheavee. 

Labor"  dVreVUni'bMed' on'  TOndlVionVn'no^ 

Hew  York,  carpenlera  at  t2.M)  per  8-hoar  day  ..       EM.OO 

Total  (prior  to  19]2>   11,858.84 

The  following  is  an  estimate  of  the  operating  cost  of  the  plant 
also  furnished  by  the  Atlantic,  Gulf  &  Pacific  Co.: 

Coet 
Item  per  month 

Wire  rope   »1«0.00 

20  tone  coal  at  t4  80.00 

Oil  wane  and  repaira 15.00 

Total  (prior  to  I81ZI  ,1*66.00 

To  this  is  to  be  added  the  labor  cost.  Each  ahift  requires  the 
following  force: 
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1  Jorcmsn  «t  37!i  «.  per  hour  


b  iBborers  U  20 


■t  IS  et.  p«r  hoar  . 


4  iBboren  at  20  ct.  per  hour S.40 

Totsl  (prior  to  1912) »4J« 

Assuming  20  working  days  and  two  shifts  per  day,  the  labor 
cost  for  one  month  is  Sl,25li.32,  which,  added  to  $255  given  aboTe, 
makes  a  total  cost  for  operation  of  $1^11.32.  Ansuming  interest 
on  plaat  at  Vi%  per  month  we  have  an  additional  $9.30,  making 
the  grand  total  $1^20.62.  Assuming  an  output  of  700  cu.  yd. 
per   daj   we  get   a  coat  per  cubic  yard   ot   8.4  ct.    This  coat 


Fig.    125.     Scraper   Bucket   for   Field   Tower   Excavator. 

included,  however,  a  proportion  of  the  field  office  expenses.  In 
regard  to  the  life  of  the  cables  used,  the  Atlantic,  Gulf  &  Faciflc 
Co.  writes: 

"  While  the  life  of  the  wire  rope  used  depends  almoat  entirely 
upon  the  character  of  material  to  be  excavated;  in  clay  and  loam. 
the  plant  working  two  eight-hour  shifts  per  day,  26  days  each 
month,  excavating  approximately  700  cubic  yards  per  day,  w'll 
use  800  to  1(000  ft.  ot   wire  rope   per  month." 

Cost  of  Drag  Scraper  Bnokets.  The  following  table  gives  the 
cost  of  these  buckets  without  teeth. 
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If  teeth  are  wanted  a  set  of  4  for  tlie  %,  1  and  1^  xize  costs 
$82.  For  the  2  and  2<i  size  the  cost  U  $112,  and  for  the  3  and 
SMi   size,   $180. 

Coit  of  Cableway  Brag  Scraper  Ontflts.  The  following  \n  the 
coat  of  bucket  and  carrier  equipment  including  excavator  bucket, 
carrier,  traveler  liloclc,  dump  block,  stop  button  and  patented 
chain  mountings. 

CapBcity  ApprDximale  Price 

in  en.  yd.  Bhipptag  weight  in  lb.  t.  o.  b.  Chicago 
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A  500   ft.   npan   dragline  cableway   excavator   including  bucket 
and  carrier  equipment,  Diast  top  PHsembly,  bridle  and  anchor  at- 

tachnientfl,   wire  rope  specification  a,  witliout  necessary  engine  or 
tlmberH  for  mast  or  tower  costii  as  (oIIowh: 

Cmpacity  ApproiinuM  Prire 

in  CD.  yd.  BbipplDe  weight  id  lb,  f.  o,  b.  ChicHio 


fig.  127.     ABBembly  of  the  Sauerman   (Shearer  and  Mayco  T^pe) 
Draglioe  Cableway  Bucket,  Carrier  and  Mountingx. 

Built  up  timber  majits  for  use  with  dragline  caWeway 
have  the  following  apecificntiotis : 

Length  of  Siieof  H«<)chto[       No.  otfl.  B.  M. 


an  It  b>'  i«  72  3Gon  icn 

fiw  IB  hs  IB  so  4niHj  nn 

The  followiDg  noteu  on  b.  cableway  drag  scraper  by  Mr.  J.  R. 
S1atter>'  appeared  in  Engineering  \ewis  Record  May  26,  1016. 
Thifl  installation  ia  illustrated  by  Fig.  l:iO. 

The  Rrst  coat  of  a  machine  of  this  type,  erected  and  equipped, 
io  about  $45,000.     It  has  a  clear  span  of  062  ft.     The  towera  are 
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of  steel,  S&  and  45  It.  high  reapectivelj,  and  support  between 
them  a  2U-in.  cable.  On  thia  cable  travels  a  carriage  which 
carries  a  3-;d.  drag-line  bucket.  The  carriage  is  moved  back 
and  forth  b;  means  of  an  eudlesa  line,  operated  bj  one  of  the 
drums  of  the  main  engine.  The  bucket  is  loaded  by  means  of  a 
cable  which  leads  from  the  front  end  of  the  bucket  to  another 
drum  on  the  main  engine,  and  is  lifted  by  means  of  a  cable 
which  is  attached  to  the  bail  of  the  bucket  and  runs  thence 
around  a,  sheave  on  the  carriage,  over  a  sheave  at  the  top  of  the 
head  tower  and  thence  to  a  third  drum  on  the  main  engine. 


ELEVATION 
Fig.  12S.  Diagram  of  Dragline  Cablewa;  Excavator  Installed  for 
Excavating  Sand  and  Gravel  from  Shallow  DepoHits  in  River 
600  ft.  Wide.  Includes  a  100  ft.  Self -Supporting  Movable 
Tower  on  which  is  Mounted  the  Hoisting  Engine  and  Grav- 
ity Screening  Equipment. 

A  pull  of  60,000  lb.  for  loading  the  bucket  is  developed  by 
means  of  a  special  engine,  which  operates  a  haul-down  rope  which 
rune  from  the  drum  of  this  engine  around  one  sheave  of  a  double 
tandem  block  (the  second  ebeave  of  which  rides  on  the  drag  or 
loading  line)   and  thence  to  the  frame  of  the  tower. 

The  bucket  is  dumped  at  will  by  means  of  a  haul-down  rope 
which  pulls  down  on  the  dumping  line  attached  to  the  back  of 
the  bucket,  and  running  thence  to  the  conveying  drum,  thun 
accelerating  the  movement  of  the  rear  of  the  bucket  relatively 
to  that  of  the  front  end  and  consequently  causing  the  back  end 
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of  th«  bucket  U>  lift  and  the  material  to  dump.  Tfaja  haul-down 
rope  is  operated  liy  means  of  a  piston  and  steam  cylinder.  A 
special  engine  is  provided  on  the  ttead  tower  to  move  the  same. 
The  tail  tower  is  moved  bj  means  of  a  friction  drum  operated  by 
the  conveying  line. 

The  crew  of  this  machine  consists  of  one  foreman  rigger;   one 
operator;   one  rigger's  helper;   one  engineman;   one  flrenian;   one 


ELEVATION 
Fig.    129.     DiagTHm  of   Saucrman   Dragline  Cableway   Excavator 
Installation    for    Digging   Gravel    from    River    Bottom    and 
■     Delivering  Material  to  Gravity  Screening  Plant. 

signalman ;  eight  laborers  (trackmen),  three  on  tail  toner  and 
five  on  bead  tower;  three  laborers  (dressing  levee)  ;  three  tcam- 
Hters    (ploughing,  dressing  levee  and   hauling  supplies). 

Work  Dubing  1015  by  Lidgekwood  Lev™  Btn.nEB 

Coat  YirdmEe  Averaie 

Vardsgt  placed  per  placed  since  cost  pi-r 

Uouth                during  moDlh  ca.  yd.  work  began  cu.  yd. 

April    „.    5,m  »0.185e  S.Ml  (O.lSBt 

Uu    13.23»  .13K«  1)t.4S0  .ISIS 

Jnna    ID.DGO  .IMS  38.500  .1534 

July   Z3,eS0  .112B  «UW  .1378 

Annut    19,1150  ,1490  81.4i»  .mw 

Snit>rab«T    i.a<n  Ton  84, una  .15TO 

October    22.800  .1041  lOHSOO  .HG4 

HOTsmbn 28,300  .1108  13:>:300  .1380 

December    18,600  .2253  IfiSiMO  .1«< 
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The  very  high  costs  of  September  were  due  to  practically  the 
entire  month  having  been  lost  on  account  of  high  wat«r,  wet  pits 
anil  delays  incident  to  renewing  the  main  cable  —  the  latt«r  due 
purely  to  bad  management.     The  high  cost  of  December  was  due 


Lidgerwood   Drag-Line   Cableway   Excavator   Used    J 
Vicksburg  District  to  Build  Mississippi  Levees. 


to  a  flood  and  to  the  necessity,  of  stopping  work  some  days  before 
actually  drowned  out,  in  order  to  prepare  tor  a  prolonged  high 
water.  Shortage  of  coal  and  the  holiday  season  also  cut  down  the 
output  of  this  month.     The  past  season  was  an  exceptionally  bad 


Fig.    131.     Tower    Drag    Scraper    Excavator. 

one   tor   levee   work,   and   progress   was   retarded   throughout   by 
wet  pits. 

The  Tower  Excavator.     The  principal  parts  of  this  apparatus 
are  a  hnisting  engine;   a  tower  65  ft.  high,  guyed  to  cables  ex- 
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tending  to  the  ground  on  each  side,  where  instead  of  being 
stationary,  the;  Btide  on  other  cables  Btretched  parallel  to  the 
ditch  and  fastened  to  deadmen,  thus  giving  stability  to  the  tower, 
while  allowing  it  to  move  parallel  to  the  ditch;  the  scraper 
bucket  in  which  the  earth  is  moved  i  and  cables  for  operating 
the  bucket.  The  machine  is  built  upon  a  platform  and  is  moved 
on  rollers  b;  winding  a  cable  fastened  at  one  end  to  a  deadman. 
A  more  efficient  provision  for  moving  the  machine  would  doubt- 
less result  in  considerably  reducing  the  cost  of  operation.  The 
operation  of  the  machine  is  illustrated  in  Figs.  131  and  132.  Its 
cost  was  about  81,500  prior  to  1912.  With  the  strengthening 
of  parts  necessary  to  fit  it  for  extra  heavy  work  the  cost  would  be 


Fig.  132,     Bucket  Used  with  Tower  Drag-Scraper  Excavator, 

about  $2,000,  of  which  $1,200  would  represent  the  cost  of  a 
hoisting  engine   (1012  figures). 

In  operating  the  excavator  the  bucket  is  loaded  by  pulling  it 
toward  the  tower  by  winding  up  the  cable,  which,  passing  over 
the  lower  sheave  on  the  tower,  is  attached  to  the  front  end  of 
the  bucket.  The  bucket  is  then  dumped  by  winding  over  the 
drum  the  cable  which  passes  over  the  sheave  on  top  of  the  tower 
and  which  is  attached  to  the  back  end  of  the  bucket.  The  bucket 
is  returned  to  the  ditch  by  further  tightening  the  upper  cable 
and  loosening  the  lower  one,  then  it  quickly  slides  back  by 
gravity  to  the  starling  point.  The  earth  is  deposited  between 
the  ditch  and  the  machine. 

The  following  is  the  cost  for  each  eight  hour  shift  in  operating 
this  machine; 


Signal 
Cable 
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ToUl  (prior  to  1912)  fXJBO 

If  to  this  it  added  $1.60  per  shift  for  maintenance,  depreciation, 
interest,  and  repairs  at  the  rate  of  50%  per  annum  on  the 
original  cost  of  the  investment,  the  total  cost  per  shift  is  $27. 

By  arranging  for  the  operator  to  work  from  a  station  in  the 
tower,  where  the  work  would  be  in  full  view,  the  signal  man 
would  be  eliminated,  and  by  placing,  the  machine  on  a  track  with 
an  arrangement  for  moving  the  machine  ahead  on  the  work  by 
means  of  gearing  attached  to  tlie  axles  probably  two  or  three 
more  men  could  be  dispensed  with,  thus  further  reducing  thercoat. 

The  bucket  used  on  this  machine  had  a  capacity  of  about  2 
yd.,  but  in  ordinary  operation  at  least  3  yd.  were  carried  at 
each  load.  While  in  operation  about  1  bucketful  was  excavated 
and  deposited  in  each  forty  seconds.  This  would  make  a  rate 
of  4  cu.  yd.  a  min.,  and  the  contractor  was  of  the  opinion  that 
he  could  maintain  an  output  of  1,000  yd.  per  eight-hour  shift  for 
sn  entire  season's  run  on  continuouB  work  of  a  favorable  char- 
acter. Tbe  work  actually  done  was  not  carried  on  continu- 
ously, and  the  best  record  made  was  40,000  cu.  yd.  per  month 
for  two  shifts  tor  one  machine.  At  a  cost  of  $50  a  day  for  two 
shifts  this  would  amount  to  about  3  ct.  per  yd.  fof  the  montlk's 

The  machine  has  a  reach  of  210  ft.  from  the  far  side  of  the 
ditch  to  ttle  near  side  of  the  waste  bank.  That  is,  all  the  dirt 
must  be  excavated  and  deposited  in  a  space  uf  210  ft.,  making  a 
waste  bank  about  20  ft,  high  if  necessary.  The  bucket  ia  re- 
markably well  under  control. 

This  machine  was  in  many  ways  crudely  built,  and  its  excellent 
record  is  due  apparently  to  the  exceedingly  simple  principle  of  its 
operation,  and  to  the  economy  of  power,  motion  and  time  in  ex- 
cavating. The  bucket  moves  on  a  straight,  lin?,  across  the  ex- 
cavation and  onto  the  waste  bank,  and  when  dumped  slides  with 
ureal  rapidity  down  the  tightened  cable  to  the  position  for  dig- 

With  a  construction  including  modern  devices  for  moving  on 
the  work  and  the  improved  bucket,  it  seems  that  this  should  be  a 
very  important  addition  to  the  types  of  excavating  ma,chinery. 
It  is  fitted  for  digging  ditches  20  "to  100  ft.  wide  and  2  to  30  ft. 
deep,  though  its  greatest  economy  erf  operation  is  in  constructing 
the  larger  si 
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SELF-COITTAINED  HACHIHES 

The  Drag  Scraper  Excavator  has  been  used  with  great  sup-  ' 
ce93  on  the  N^w  York  Barge  Canal.  Where  canals  are  being 
dug  and  a  large  waste  bank  must  be  built,  or  where  a  henvy 
fill  ia  to  be  made  in  ground  which  in  average  and  has  no 
large  boulder  or  tree  stumps,  this  machine  is 'very  suwessful. 
The  scraper  bucket  is  suspended  by  cables  from  the  end  of  a 
long  boom.  Booms  00  ft.  or  100  ft.  long,  giving  a  reach  of  100 
or  110  ft.  from  the  center  of  the  machine  to  the  end  of  the  boom, 
are  practicable.     The  entire  machine  swings  on  a  circular  turn- 


I   New   York   Barge 
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The  niadilne  is  probably  strong  enough  to  operate  a  3^  jA. 
dipper.  It  excavated  earth  90  ft.  from  the  eeoter  of  the  machine 
on  one  aide  and  deposited  100  ft.  from  the  center  on  the  other 
aide.  It  can  deposit  material  on  banks  from  20  to  35  ft.  in 
height.  A  machine  is  usually  moved  forward  by  means  of  cables. 
During  May,   1!>1I>,  the  items  of  cost  of  operation  were  aa  fol- 


Engineer,  at  190  per  monlh  . 
Engineer,  at  li>.i  per  manlh  . 


The  first  cost  of  this  machine  was  $10,000.  Tbe  cost  of  opera- 
tion of  this  machine  on  the  New  York  Barge  Canal  was  an  fol- 

Item                            April  May  Jane  Jixly  Angast 

Pittineup WMJiD  

EicaTstion     31S.71  1684.29  »747.77  t   8E0,S9  (1,118.57 

Rei'niri    1B,82  6Z,«0  «.23          75.12 

Interest    and   depreeia- 

tioo,  il%    175,00  17B.00  175.00  175.09        175.00 

Shifting  on  work •            77,03          

Totrt    (821.54    tS75.1I    OSS.il?    H,150.9»    H,368.t!9 

ATerage  «wt  per  yd.,.,      (0.177      (0.1)43      (O.OSSB      (0.0348       (0.0289 
Tarda   pomplele   during 

month    5,305      IS,365       25.3S)        33,055        47.353 

•Machine  fell  into  caukl. 

Eleotrically  Operated  Drag  Line  Hacbinei.  Average  cost  for 
the  season,  includinf;  all  charges,  4.1  ct.  per  yard.  Two  large 
electrically  operated  drag  line  scrapers  were  used  on  the  Calu- 
met  Sag  Channel  near  Chicago.  These  machines  had  100  ft, 
steel  booms  and  were  equipped  with  2V.  en  yd.  ecraper-buck- 
ets,  and  each  weighed  about  120  tons.  The  following  description 
is  reprinted  from  Enginnriny  anil  Contracting,  iTan.  22,  I!)13: 

The  arrangement  of  the  operating  maiAinery  is  shown  in  the 
accompanying  drawing  (Fig.  134).  Tlie  double  drum  hoist  is 
operated  directly  by  a  gear  on  the  shaft  of  a  112  hp.,  00-cycle, 
S-phase  motor,  making  000  r.  p.  m.  A  62  hp.,  00-cycle,  S-p'hase 
motor,  S65  r.  p.  ra.,  operates  the  bevel  swing  gear  as  shown.  The 
air  brakes  are  operated  through  power  furnished  by  a  25  cu.  ft. 
motor -driven  air  compressor.  Tlie  current  is  furnished  by  a 
public  service  company  and  is  brought  from  Blue  Island,  several 
miles  away,  over  a  high  tension  line  at  33,000  volt  to  a  trans- 
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former ^..house  on  the  work  where  tbe  voltage  is  stepped  down 
to  2,300  volts.  It  IB  again  stepped  down  to  440  volts  through 
a  portable  transformer  which  in  attached  to  the  dragline  ma- 
chine by  a  cable  and  is  pulled  along  on  its  trucks  aa  the  machine 
moves  ahead.  On  the  machine  the  current  is  stepped  down  to 
110  volts  for  the  incandescent  lamps  and  to  35  volts  for  the 
searchlight  which  ia  placed  on  the  front  of  the  house  and  just 
under  the  boom. 

The  maahine  is  operated  by  two  men  on  board  and  two  men 
outside  for  handling  the  track.  While  moving  to  position  or 
commencing  work  one  of  the  machines  was  moved  410  ft.  in  one 
day.  The  track  sections  upon  which  the  machine  runs  are  l.i  ft. 
long  and  are  built  up  solidly.  They  are  built  of  a  solid  3-in. 
pla^k  bottom  upon  which  are  fastened  the  ties  set  about  R  in. 
apart.  On  top  of  the  ties  are  8  jt  10  in.  timbers  on  edge  under  the 
90-lb.  rails.  The  whole  is  bolted  together  and  has  eyebolta  near 
the  ends  of  the  8 1 10  in.  timbers  so  that  it  can  be  handled  by  a 
four- way  chain. 

The  work  upon  which  the  machines  are  engaged  consists  of 
about  8,000  ft.  of  canal  section  from  31  to  37  ft.  deep,  36  ft.  wide 
on  the  bottom  and  with  slopes  of  2  on  1.  The  south  berm  will 
l)e  about  00  ft.  wide  or  will  extend  1.50  ft.  from  the  center  line 
of  the  canal  and  the  north  harm  will  be  40  ft.  narrower,  accord- 
ing to  the  plans.  About  8  to  12  ft.  of  the  bottom  work  on  Section 
6  wilt  be  rock  and  it  is  not  yet  decided  by  the  contractor  how  this 
will  be  handled,  though  it  is  likely  to  be  handled  in  skips  by  a 
derrick  with  a  very  long  boom.  The  dragline  machines  are  set 
on  opposite  banks.  The  one  on  the  south  will  excavate  half  the 
canal  section  in  two  cuts. 

That  the  use  of  electricity  will  be  economical  is  illustrated  by 
machines  in  California  which  actually  used  ^  of  a  K.W.H.  per 
cubic  yard  of  material  handled.  The  cost  of  the  current  there 
was  on  a  sliding  scale  ranging  from  %  to  1  ct.  per  kilowatt 
hour.  On  the  New  York  Barge  Canal  electrical  machined  were 
used  where  the  cost  of  current  at  about  2'i  ct.  per  kilowatt  hour 
was  about  1  ct.  per  cubic  yard. 

The  reliability  of  power  is  a  moat  important  argument  in 
favor  of  the  use  of  electricity.  The  uncertainty  of  securing  fuel 
and  water,  especially  in  bad  weather,  is  a  source  of  trouble  to 
the  contractor. 

The  cost  of  hauling  coal  for  a  steam  machine  of  this  size  would 
likely  amount  to  $+0  per  day,  and  the  coal  itself  (about  10  tons) 
would  cost  about  $30.  These  items  are  eliminated  where  electric- 
ity is  used,  and  the  cost  of  the  current  is  substituted. 
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Eleotrio  Dratrllne  Work  on  the  Bolae  Project.  The  following 
notes  are  from  The  Excaraling  Enginerr   April    1016 

In  the  epnng  of  1012  the  Ke(.la.mGl  on  Seriice  made  a  careful 
survey  of  the  district  and  proposed  the  construction  of  a  avBtem 
of  open  cut  drainage  ditches  This  plan  called  for  the  conatrnc- 
tion  of  50 4  miles  of  open  drains  varying  in  depth  from  7  t3  14 
ft.  and  in  bottom  width  from  5  to  12  ft  mth  aide  slopes  of 
l'/4  to  1  The  sj'item  contemplated  2000  000  cu  vd  of  evcavafton 
beaideB  manv  eulverta  and  bridgen  the  total  expenditure  of  which 
was  «285,00O.  Aetna!  construction  was  Rtarted  in  Nov..  1013, 
and  completed  by  June  5,  1015.  The  excavation  was  done  hy  two 
Bucyrus  electrically  operated  dragline  excavators  mounted  on 
caterpillars. 

A  third  Bucyrue  electric  dragline,  similar  to  the  two  above 
mentioned,  was  used  for  digging  drainage  ditches  on  the  Fargo 
Basin  of  the  Boise  Project  proper.  This  work  was  completed 
in  4pril  1015  and  consisted  of  27S  644  cubic  yard^  of  excavation 
or  about  5^  miles  of  open  drains  Some  of  the  records  given 
later  refer  to  this  work  This  work  letauae  of  'lofter  material 
and  less  water  wae  comparatiiel\  easier  than  that  on  the  Pioneer 
Irri  ation  District  Consequentli  this  must  be  kept  in  mind  in 
reading  the  records  of  output 

Conditions  etiating  demanded  the  use  of  electrieitv  to  operate 
the  machines  The  water  throughout  the  district  ig  unlit  for 
boiler  use  due  to  the  large  amount  of  alkaline  salts  which  it 
contains  Furthermore  for  a  large  part  of  the  time  the  machines 
were  working  in  swamps  where  it  was  at  times  imposaihle  to 
drive  a  loaded  wagon  close  enough  to  the  machines  to  supply 
them  with  fuel  Power  was  secured  from  a  44  000  lolt  transmis 
sion  line  that  passes  through  the  district  This  voltage  was 
reduced  to  4  OOO  volts  at  a  field  substation  from  uhich  it  was 
delivered  to  sub  stations  at  the  excavators  where  the  current  was 
again   reduced  to  440  loltn 

Power  wa«  purchased  for  one  cent  per  K  W  hour  The 
average  amount  (A  power  used  per  cubic  >ard  of  material  mmed 
«ai  0  J  of  a  kilonatt 

E^ch  dragline  had  a  50  ft  boom  a  IH  yd  bucket  and  weighed 
about  5'i  tons  The  main  ma  hinery  uas  driien  by  a  motor  of 
60  hp  continuouB  and  80  hp  intermittent  rating  and  the  swinging 
machinery  by  «  25  hp  motor  The  character  of  the  material 
over  which  the  etcaiators  operated  was  ^o  soft  that  a  cater 
pillar  mounting  was  chosen 

The  following  is  the  performance  of  machine  No  1  during 
August,  1915: 
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,  East  Caldwell   Drain 

Annte  namber 


2.080  16,18t.3  1T3.S  1.135,7 

ratal  niid  nveraie. .  7.910  58,588,5  178.9  1.1».8 

Highest  run  per  shift  this  month:   1^73  cubic  yards. 
Number  of  shifts  dug:   4!)1^.. 
Excavation  started  August   14,  1015. 

Machine  Efficiency,  Machine  No.  1 


SSi 


lie*]  n^ln  ■ 


at;  30 

BUsllDg    :  45 

Total  421:00  100.0 

The  total  yardage  excavated  hy  the  two  machines  on  the 
Pioneer  District  under  th^  original  contract  was  1,755,238  cubic 
jurds  neat  measurement.  Prolmbly  209!)  of  the  matprial  would 
clssa  as  hardpan.  A  total  of  16,200  pounds  ot  dynamite  was  used 
in  blasting.  All  of  the  material  was  aaturated  and  often  very 
soft  and  miry.  Both  excavators  were  operated  contiiiuounly,  three 
pipht-hour  shifts  per  day,  with  the  exception  ot  the  month  of 
January,  IDtS,  when  work  was  sunpended  because  of  deep  frost 
and  a  10-day  delay  on  one  machine  in  Septemlier,   1914. 

The  beat  month  for  one  machine  on  the  original  Pioneer  con- 
tract was  made  in  March,  1915,  on  the  Solomon  Slough  Drain. 
We  give  this  below. 

Total  yardage 8R,S33iu.  yd, 

AreragB  per  shift      998  cu.  yd. 

Hlgheat  Bhitt" 1,4]8  cu.  yd. 

On  the  original  contract  from  Feb.,  1914,  to  June,  1915,  in- 
clusive the  highest  average  per  hour  was  133.1  cu  yd.  Average 
number  of  hours  actually  worked  per  8-hour  shift  was  fl.l3.  The 
highest  average  per  shift  was  850  cubic  yards,  working  an  aver- 
age of  6.71  hours  per  S-hour  shift. 

As  stated,  the  work  on  the  Fargo  Basin  was  somewhat  easier, 
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and  below  is  the  average  for  the  month  of  March,  191S,  on 
Laht  and  Griffith  Drains. 

Tots)   jardBge 84.743  cu.  jd. 

Avermje  per  Bhtft l,17fi  en.  yd. 


In  September,  IBIS,  on  the  Midway  and  Nampa,  Drains  of  tbi 
Pioneer  Diatriot.  under  the  supplemented  contract,  the  follow 
ing  were  recorded: 

ToUl  yardage    64.1M  en.  yd. 

ATerage  per  hour  1T7  ea.  yd. 

AteragB  per  ahitl   1. 187  en.  yd. 

Highest  mn  per  shift  1.8S!  cu.  yd. 

ahfflB  worliea    H 

Cost   of  Operation 

The  crews  employed  consisted  generally  of  three  men,  an  oper 
ator,  an  oiler  and  a  laborer.  The  laborer,  however,  was  onlj 
used  when   btatiting  was   necessary. 

Below  is  the  unit  cost  of  the  work  per  cubic  yard  on  the  Pioneei 
Irrigation  District  sccomplished  under  the  original  contract, 
exclusive  of  depreciation  and  overhead  coat. 


On  ctearlng  right  of  way  and  trimming  banlis  . 
On  engineering  and  saperintendence  

Total  labor  cost  

Electrical  power  at  .01  per  kw.  boor  

miacellaneoni  supplies  


Wire  rope  and  armored  ci 
Blasting  supplies  


Total  n 


Cost  of  Draglines.  Drai^lines  may  he  had  in* a  wide  number 
of  sizes  and  capacities.  They  are  operated  by  steam,  electricit.T 
or  internal  combustion  engines  and  are  furniahed  on  skida,  trar- 
tion  wheels,  caterpillars  or  trucks  with  or  without  the  sell- 
propelling  feature. 

The  stenni  operated  machine  is  the  most  widely  used  at  the 
preHcnt  time  and  the  following  prices  are  for  that  type  of 
machine. 
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A   steam   operated   dragline   mounted   on    akida,   witlj   a  45-ft. 
boom  and   1^-cu.  yd.   bucket,  weighs  39   tons  and  coets  920,SOU 


Fig,  134A.  Steam  Operated  Dragline  Mounted  on  Caterpillars 
Building  a  Levee  in  Missouri.  Length  ot  Boom,  45  ft.,  Size 
of  Bucket  11^  cu.  yd. 

f.  o.  b.  factory.    This  same  size  machine  mounted  on  caterpillars 
weighs  60  tons  and  costa  $29,000. 
A  dragline  mounted  on  skids,  with  a  60-ft.  boom  and  2-cu.  yd. 


Fig.   134B.     Steam  Operated   Dragline  with   a   125.ft.   Boom   and 
5-cu.   yd.  Bucket  on  Levee  Enlargement  Work  on   the   MiB- 


bucket,   weighs   62   tons   and   costs   $26,700,   mounted    on    cater- 
pillars the  machine  weighs  89  tons  and  costs  $38,300. 

A  dragline  mounted  on  skids,  with  a  100-ft.  boom  and  3;^-gu. 
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yd.  bucket,  weighe  145  tons  aod  costs  $46,900,  mounted  od  self- 
propelling  trucks  the  mai'bine  weighs  166  tons  and  costs  $56,600. 

A  dragline  mounted  on  self-propelling  trucks,  prjuipped  with  a 
12->-ft.  boom  and  4-fu.  yd  bui^kct,  weighs  210  tons  nnd  costx 
$71,300. 

Various  pombinalions  of  boom  lengtlis  and  bufket  capacities 
may  he  had.  For  certain  work,  such  as  levee  building,  it  in  very 
often  advantageous  to  have  a  machine  with  a  longer  boom  and 
a  bucket  of  smaller  capacity.  The  manufacturer  is  prepared  to 
meet  special  conditions  by  designing  machines  accordingly. 

Electrically  operated  machines  are  economical  where  no  great 
distances  are  to  be  moved  and,  of  course,  where  electric  power 
suitable  for  the  operation  of  the  machine  i«  available. 


Fig.   135.     At  Work  in  a  Gravel  Pit. 

Cattoline  or  kerosene  engine  power  may  be  applied  to  the 
smaller  si/es  of  machines;   two  machines  being  described   below. 

A  gasoline  engine  operated  drag  line  excavator  (Fig.  I.t-^l 
weighs  approximately  32,000  lb.  for  nhipment  and  costs  $8,(}00 
complete  The  engine  is  40  hp,  for  either  gasoline  or  kerosene. 
It  is  equipped  with  a  %  cu.  yd.  bucket- 

Tbis  machine  will,  on  open  work,  dig  and  place  tile  in  the  trench, 
and  then  backfill  the  trench.  In  this  kind  of  work,  two  men  arc 
necessary  for  the  operation  of  the  machine;  one  man  for  the 
actual  operation  and  one  to  do  the  incidental  work  around  the 
machine  during  the  operation.  The  maehine  may  also  lie  used 
in  ditch  cleaning  and  repairing,  and  other  work  where  a  light 
drag  scraper  machine  can  be  used  to  advantage. 

Oasoline  Dragline  Excavator  having  a  SOft.  boom,  operates 
a   %-yd.  bucket  and  is  furnished  with  caterpillar  traction.     This 
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machine  is  operated  by  a  marine  type  gasoline  motor,  haa  an 
estimated  capacity  of  3D0  to  600  cu,  yd.  in  10  hr,  depending 
on  the  material  and  a  traction  speed  of  from  Vj  to  1^  miles 
per  bT.  It  uses  from  35  to  4fi  gal.  of  gasoline,  kerosene  or  dis- 
tillate in  a  10  hr.  day.  The  approximate  shipping  weight  of 
the  machine  is  38,000  lb.  and  it  costs  $9,530  f.  o.  b.  factory  without 
the  backet. 

The  following  cost  data  of  a  traveling  excavator  appeared  in 
an  article  by  Mr.  W.  W.  Patch  in  Engintering  Record,  Dec.  12, 
III  14. 

When  operating  under  the  moat  favorable  conditions  this  ma- 
chine, with  a  crew  of  four  men,  e.vcavatcd  400  cu.  yd.  in  a  day 
uf  8  hr.  While  for  a  period  of  seven  months  the  average  per- 
formance has  been  at  the  rale  of  40  eu-  yd.  per  hour,  even  when 
time  lost  on  account  of  repairs  and  moving  from  place  to  place 
is  included.  If  blasting  ie  required,  or  if  the  ground  ia  so  soft 
as  to  require  planking  tieDeath  the  wheels  of  the  machine,  then 
the  crew  is  intrea«ed  to  a  total  of  six  men. 


IWm  Coal  cu.  yd. 

Labor,  men |2,flTO.ja  (O.W7« 

Labor,  horsH  199.30  .0089 

ExploaivHa    321.97  .0058 

Furt.   (asoiine    I9».03  .00B2 

SappUn  (enaae,  oil.  iumb«r,  etc.)   E24.75  .0091 

DDprrcistion,   inachme    1.191.00  .0213 

General  expenses T12,lfi  .0127 

UiscflUneoiiB    M.OO  .0018 

Repair* 340,06  .0061 

Total    »«,«M.23  10.1188 

The  work  comprised  deepening  an  old  ditch  which  carried 
drainage  water  constantly.  The  old  section  was  about  2,  ft.  deep, 
4  ft.  wide,  and  had  1.5  to  1  side  slopes.  The  new  section  was  5 
ft.  deep,  »  ft.  wide  at  the  bottom  and  had  1.5  to  1  side  slopes. 
The  ditch  was  about  4  mi.  long,  and  for  approximately  one-half 
of  its  length  the  bottom  2  ft,  was  in  indnrated  materials  which 
required  blasting  before  it  could  be  e\cavated. 

The  crew  cowprispd  from  4  to  6  men  and  2  horses  at  the  fol- 
lowing wages:  Machine  operator,  $130  per  month;  gas-engine 
man,  $80  per  month;  powder-men,  $3  per  day;  2  laborers,  each 
$2.48  per  day;  2  horses,  each  $1.25  per  day.  A  day's  work  com- 
prised 8  hr.  on  the  job.  The  total  material  moved  was  56,017 
cu.  yd.  or  approximately  40  cu.  yd.  per  hour. 


ssAwnro  boakds 

Drawing  boards  of  thoroughly  seasoned,  selected  narrow  strips 
of  white  pine,  and  either  finished  natural  or  with  a  light  coat  of 
shellac,  cost  as  follows: 


One  face  fo 

"a 

•s 

Both 

« 

dt 

•wi 

23  x  n  in 


Drawing  boards  of  white  pine,  with  hardwood  ledges  attached 
by  screws,  arranged  to  allow  for  contraction  and  expansion; 

One  (SCO  (or  drawini;  31  x  42  in.  9^ 

One  face  for  drawing 33iiUin.  15.00 

One  face  lor  drawing SSiSOin.  IT.GO 

Extra  large  drawing  hoards  of  pine: 

3flK72in 

aSiMin 

4Zx60in - , 


TrcBtles  and  horses  for  drawing  boards.  Wooden  horses,  light 
construction,  37  in.  high,  35  in.  long,  per  pair,  $5.60. 

Ditto,  fine  qnality ,  37  in.  high,  35  in.  long,  per  pair,  $0.75. 

Ditto,  fine  quality,  with  removatile  sloping  ledges,  37  in.  high. 
35  in.  long,  per  pair,  $10.50. 

Adjustable  wooden  horses,  best  worl(man»hip,  30  In.  long,  adjust- 
able  for  height  from  37  in.  to  47  in.  on  level  or  slope,  per  pair, 
$13.20. 

Adjustable  drawing  table  with  iron  supports: 

Board.  !li«iii.  *ach  IM.OO 

Board.  SSiEBin.  eaoh  96.0} 

Board,  MiSOin,  each B».» 

Board,  42i72in.  each  k-.    83.« 


SEESOES 

There  are  four  types  of  dredges:  (1)  The  dipper  dreilge;  (2) 
the  grapple  dredge;  (3)  the  bucket  elei-ator  dredge;  (4)  the 
hydraulic  dredge.  For  harbor  work  or  where  the  water  is  rough 
the  Bcow  eontaining  tbe  machinery  aleo  hea  pocketH  for  the 
material,  which  it  conveys  to  sea  or  some  other  dumping  place. 
This  is  called  a  hopper  dredge. 

DIFFER  DKEDQES 

A  dipper  dredge  is  really  a  long-handled  steam  ehovel  mounted 
on  a  scow.  Tlie  dippers  range  in  size  from  ^  to  IS  cu.  yda. 
Thia  type  of  dredge  is  adapted  to  work  in  all  kinds  of  materiaU. 

Mr.  Gillette,  in  "Earthwork,"  describes  a  home-made  dipper 
dredge,  the  cost  of  which  was  as  follows: 

1  HoiBting  «DgiD«  and  boiler  (single  drum.  dbl.  cyl., 

S  hp.,  4K  X  6  in. ;  we)(lit  3,[i00  lb.) I   600.00 


10  Ft.  Tie 


Oft  B.'il.  {«xM'(t.> 

n.  boiiUng  Vhiiui'25o'ib!,'  9  V  Vl 

1.  iron.  !BOIb..  en  «    

W  yd.,  «0  lb..  ©  II 


D  rmck,  200  lb..  Ql  1< 
1  i-urniiDie  plate  and  rim,  100  It 
100  Bolts,  4ij[12  in,,  KN)  lb..  @  K  . 
1,000  Ft.  B.M.  yellow  pins  


This  dredge  can  be  loaded  on  two  flat  cars  or  four  ordinary 

wagons.  Tjie  crew  consists  of  three  men  and  the  total  cost  of 
operation  is  about  $8.00  per  day.  In  digging  a  trench  18  ft. 
wide  by  12  ft.  deep  the  average  capacity  in  10  hours  is  60  yards 
of  hardpan  or  175  yards  of  river  gravel. 

In  Engineering  News  of  October  30,  1002,  is  descrilied  a  dipper 
dredge  with  a  2i^  cu.  yd.  bucket  which  excavated  in  clay  20  ft. 
below  the  water,  depositing,  the  material  in  two  scows,  each 
Laving  a  drop  pocket  of  140  cu.  yd.  A  tug  boat  towed  the 
scow  eontaininft  material  to  the  dumping  ground.  The  total 
rost  of  the  outfit  was  $43,000.  Six  per  cent  interest  plus  6  per 
283 
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oent  depreciation  over  100  working  days  givea  a  cost  of  851.60 
per  day.  The  usual  i-ental  of  siieh  a  plant  ie,  $100.00  per  day. 
The  daily  wages  and  coal  bill  average  about  S30.00.-  The  average 
output  in  10  hours  was  745  cu.  yd.  at  a  total  coat  of  lie  per  cu. 
yd. 

Land  DTedges  of  tUe  dipper  type  are  made  by  one  manufac- 
turer in  two  designs:  the  walking  and  track  type.  They  may 
also  be  adapted  for  floating  work. 

These  dredges  are  adapted  to  a  very  wide  range  of  work, 
but   are   more   frequently   used   in   the   construction   of   drainage 


Fig.   138.     Dipper  Dredge  — Walking  Type 

and  irrigation  ditches  having  approximate  dimensions  ot  from 
6  to  50  ft.  top  width,  4  to  20  ft.  In  depth,  oonstrueting  the  re 
quired  slope  of  bank,  ranging  from  Mi  to  114  ft  back  to  1  ft 
in  perpendicular,  also  eatablishing  a  berm  width  ranging  from 
6  to  10  ft. 

They  are  well  adapted  to  the  recleaning  of  old  drainage  or 
irrigation  canals  where  small  yardage  is  encountered,  neceasi 
tating  the  installation  of  only  such  machinery  as  can  be  moved 
on  to  the  work  at  a  small  first  cost,  and  can  be  ojwrated  rapidly 
at  a  minimum  of  cost  for  labor  and  supplies. 

When  not  on  work  incident  to  the  construction  of  new  ditches 
or  the  recleaning  of  old  etructures.  they  can  be  adapted  to 
handling  gravel  from  bank  or  pit  into  auto  trucks  or  gondola 
care  when  used  in  connection  with  general  constrnction 
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The  yardage  handled  by  this  type  of  eqjiipment  dependa  quite 
largely  upon  the  cUbb  and  nature  of  the  soil  being  handled  and 
upon  the  skill  and  familiarity  of  the  principal  operator  with 
iiis  equipment.  Under  normal  conditions,  the  %  yd.  eq  lipment 
»-ill  handle  from  400  to  800  yd.  of  earth  per  10  hr.  shift,  while 
the  1  yd.  capacity  wil]  handle  from  600  to  1,100  yd.  for  the 
-ame  length  of  time.  While  an  experienced  operator  who  is 
willing  to  make  use  of  his  skill  can  attain  the  best  results,  it  is 
not  essential  to  provide  such  a  man,  as  one  with  average  mental- 
ity and   willingness   to   do   the   thing   as   directed   can   attain   a. 


Fig.  137.     Dipper  Dredge  — Track  Type. 

•ufficient  knowledge  of  this  equipment  to  operate  it  nafely  and 
Hilh  satisfactory  re^ult'^  uithin  a  period  of  from  two  to  six 
JavK.  The  manufacturer  states  that  the  mechanica  furnished  to 
piwt  the  dredgeH   in  nearly  every  case  instruct  new  men   in  the 

The  walking  and  floating  types  of  land  dredge  are  frequently 
and  generally  handled  by  a  chief  operator  and  helper,  the  helper 
'leinp  the  understudy  ot  the  operator.  He  does  lubricating, 
provides  water  for  the  cooling  system  of  the  oil  engine,  and  many 
email  jobs  incident  to  the  operation.  The  track  ty[ie  dredge 
requires  a  principal  operator  and  a  man  to  lay  track  on  either 
"idr  of  the  dredge  under  favorable  conditions,  and  additional 
mm  to  lay  track   when  soft  earth   is  encountered  or  difBeulties 
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incident  to  new  work  through  timbered  areas.  When  used  in 
tlie  work  of  loading  trucks  or  care  the  principal  operator  ia  tlir 
only  one  required. 

The  coetB  of  supplies  and  operation  depend  large};  upon  tho«e 
of  lHl>or,  fuel  and  lubricating  oil,  cable,  and  repairs,  in  the  local- 
ity where  tbe  work  is  being  done.  Under  reasonably  favorable 
ponditionfl  these  vary  in  the  eaee  of  the  walking  type  ot  dredge 
from  if^lS  to  $25  per  day;  in  the  case  of  the  track  type  from  $IX 
to  S!30  per  day. 

The  approximate  cost  of  these  dredges  is  a^  follows; 

Walking  Dbedoe 


Track  Type  Dbeme 


w«.  inlb. 
33,000 
^,000 


84,000  »,JO0 


Dredges  of  this  make  are  operated  by  oil  engines  of  either  the 
single  q  Hnder  or  double  cylinder  opposed  type,  using  for  fuel 
either  gasoline,  kerosene  or  distillate.  These  engines  are  mounted 
on  a  structural  base,  which  is  in  turn  mounted  upon  skids,  these 
skids  carrying  as  a  separate  unit  the  engine  fuel  and  cooling 
tanks.  In  this  maoner  the  power  plant  is  intact.  The  engine  i» 
controlled  by  the  operator  from  his  position  in  the  front  of  the 
dredge. 

The  dredges  are  of  all  steel  construction,  and  are  designed  to 
dismantle  into  sections  for  easy  transportation,  the  entire  equip- 
mrnt  being  divided  into  from  ten  to  fifteen  loads  for  the  ordinary 
wagon  or  truck. 

Ketbods  and  Goits  of  Dredge  Exoayatlon  of  Drainage  Ditches. 
Tlie  followinf!  notes  by  Mr.  D  L.  Yarnell  are  from  Bulletin  No 
300.  OfRce  of  Public  Koails  and  Rural  Engineering,  on  "  Excavat- 
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ing  Machinery  uised  in  Land  Drainage."     The  oost  figurea  are  as 
of    1015. 

The  cost  of  dredges  advances  rapidly  as  the  size  and  capacitj' 
are  increased.  Dredges  of  the  same  rated  capacity  also  vary 
Homewhat  in  cost  with  tlie  difTerent  manufacturers.  All  of  the 
machinery  is  usually  made  at  the  shops  of  tlie  manufacturer. 
The  material  for  the  hulls  may  also  be  supplied  by  the  manufac- 
turer, but  usually  the  purchaser  obtains  lumber  in  the  open 
market  and  builds  the  hull  in  the  field.  The  cost  of  hauling 
the  nuterial  and  machinery  from  the  railroad  to  the  place  of 
erection,  the  local  price  of  labor,  and  the  conveniences  for  hous- 
ing and  feeding  the  workmen  are  factors  which  will  enter  into 
the  cost  of  a  machine  of  any  type.  It  requires  at  least  two 
cars  to  transport  the  material  for  a  small  dipper  dredge,  while 
for  a  machine  of  large  size  from  four  to  six  cars  ere  required. 

The  following  table  gives  the  approximate  costs  of  the  various 
sizes  of  dredges  ready  for  operation,  though  these  would  be 
largely  affected  by  the  dilTicultiea  and  expense  of  transporting  the 
material  and   assembling  the  machine: 

AfEosiMATE  Costs  of  Dii-pbr  Dbedqes 

Coat  ot  Coat  ol 

Biie                                               mschlner;  wood  hall  Total 

%Tari     (3,700  11,800  |  6,600 

l-yard     S,400  2,100  l.mo 

l4-i»nJ     ....        S.IOO  2,260  8,ffiM 

1'4-7"<I ■      T.IW  4,60"!  11.6"0 

Sttyard H.OOO  9,000  21,000 

It  requires  practically  a  month  for  ten  men  to  erect  a  1-yard 
dredge,  six  weeks  to  erect  a  114-yard  (Iredge  or  1%-yard  dredge, 
and  eight  weeks  to  construct  a  2-yard  or  2Mt-yard  machine.  It 
rei|uires  less  than  one-half  the  time  given  above  to  dismantle  a 
machine.  A  1-yard  dredge  which  cost  £8,000  was  shipped  about 
400  miles  and  hauled  by  wagon  IH  miles.  The  dismantling  cost 
alwut  $490;  the  freight  charges  were  about  $700;  hauling,  $360; 
and  rebuilding  about  $670.  These  costs  are  fairly  representative 
for  this  size   of   machine. 

Xethod  of  Operating.  With  a  floating  dredge  the  construction 
bhould,  where  practicable,  begin  at  the  upper  end  of  the  ditch  and 
proceed  downstream.  Sometimes  it  ia  not  feasible  to  transport 
the  machinery  and  material  to  the  upper  end  of  the  ditch  and 
the  dredge  must  then  work  upstream.  This  is  undesirable,  im- 
lesB  the  fall  be  slight,  since  in  working  upstream  dams  must  be 
built  behind  the  boat  to  maintain  the  necessary  water  level.  In 
working  downstream  the  ditch  remains  full  and  the  dredge,  float- 
ing  high,  can  dig  a  much  narrower  bottom  than  if  working  up- 
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atream  in  shallow  water.  Moreover,  when  ftosting  low,  the  dipper 
may  not  properly  clear  the  spoil  liaiik.  Again,  in  working  down- 
stieaa,  any  material  dropping  from  the  dipper  into  the  ditch 
wilt  be  taken  out  in  the  next  shovelful;  whereas  iC  working  up- 
stream any  material  dropped  or  any  silt  washed  behind  the  dredge 
is  left  to  settle  in  the  bottom  of  the  ditth.  If  work  ia  begun  on 
the  natural  ground  surface  a  pit  must  ^^e  dug  to  launch  the  boat : 
or  if  in  a  stream,  it  may  ije  necessary  to  build  a  temporary 
dam  in  the  channel  to  raise  the  water  liigh  enough  to  float  the  : 
boat.  The  depth  of  water  required  varies  from  2  ft.  upward,  de-  : 
pending  on  the  size  of  niHthine. 

Tlie  floating  dipper  dr.-'dge  moves  itself  ahead  by  means  of  the 
dipper.  The  spuds  are  first  loosened  from  their  bearingH  and  tho 
dipper  is  run  a4iead  of  the  machine  and  rested  on  the  natural 
ground  surface  in  front  of  the  ditch.  The  spuds  ere  then  rai-ied 
and  the  engines  operating  the  backing  drum  are  started;  the 
dredge,  being  free,  is  thug  pulled  ahead.  The  spuds  are  then  low- 
ered and  excavation  continued.    . 

In  limbered  country  tlie  right  of  way  must  be  cleared.  In  many 
cases  the  timlwr  cut  will  supply  sufficient  fuel  for  the  dredge. 
It  is  poor  policy  to  fell  the  trees  and  leave  them  on  the  ground 
to  be  removed  by  the  dredge.  The  stumps  shoiild  alwayn  he 
shattered  with  dynamite,  hb  the  strain  un  the  machinery  is  thus 
rendered  much  less  and  the  life  of  the  dredge  increased. 

An  engineer,  a  craneman,  a  fireman,  and  a  deckhand  are  re- 
quired to  operate  a  ilippec  dredge.  The  output,  loss  of  time  due 
to  breakd<i»'n«.  and  the  co-^t  of  repairs,  depend  almost  wholly 
upon  their  skill  and  emciency.  Tlie  engineer  should  be  an  all- 
around  mechanic  as  well  as  experienced  in  dredging. 

The  amount  of  fuel  consumed  depends  upon  the  size  and  type 
of  boiler  used,  and  upon  the  burning  and  heating  qualities 
of  the  fuel,  A  very  great  saving  can  be  efleeted  by  covering  the 
imiler  with  an  asbestos  coat.  Ordinarily,  about  25  lb,  of  eoa! 
lier  horsepower -hour  are  consumed  on  dredges.  The  coat  of  re- 
l«irs  depends  largely  upon  the  operator;  a  careless  operator  will 
cause  many  iinneceasary  breakdowns.  It  is-not  only  tlie  high  cost 
of  repairs  for  machinery  but  also  the  time  lost  which  aids  iii 
increasing'  the  actual  cost  of  the  output.  It  is  a  well -esta hi i shed 
fact  (hat  it  is  not  the  initial  cost  of  a  dredge  or  of  any  maehini'. 
but  the  o|terating  and  overhead  e^ipciises,  that  reduce  the  profilJ. 

Cost  ot  Operation.  The  cost  of  dredge  work  depends  upon  a 
number  of  factors.  The  Imality  of  the  work,  the  kind  of  soil, 
repairs,  delays,  labor,  etc.,  greatly  infliu'iice  the  actual  cost  of  an\ 
work.  If  the  water  level  can  naturally  lie  maintained  within  a 
fool  or  BO  of  the  surface  of  the  ground,   the  coat  of  excavation 
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tin  be  reduced  very  low  with  this  type  of  machine.  The  data 
^jren  in  the  followiag  pagee  were  obtained  from  the  actual  cost 
rwords  of  the  various  projeete.  Unfortunately,  the  figures  are 
Dot  always  strictly  comparable,  one  project  with  another,  owing 
tu  variations  in  the  items  of  coat  included.  Unless  otherwise 
stated,  interest  is  talten  at  6%  and  depreciation  at  35%  per 
annnm  on  the  cost  of  the  dredging  outfit.  Interest  and  deprecia- 
tion are,  however,  charged  only  for  the  interval  of  time  upon 
Mliich  the  unit  cost  is  based.  This  is  not  strictly  correct,  as  a 
cprlain  amount  of  time  consumed  in  getting  the  machine  on  and 
iitT  the  work  should  be  charged  to  each  project.  In  most  cases 
il  was  impossible  to  ascertain  the  time  that  should  be  charged 
tu  moving,  building,  etc,,  and  therefore  the  item  has  been  ignored 
ill  all  cases,  for  the  sake  of  uniformity.  On  some  projects  figures 
fur  operation  over  an  extended  period  were  not  obtainable.  In 
-ui'h  cases  the  unit  cost  is  based  upon  the  daily  cost  of  opera- 
tion and  the  average  amount  of  ditch  dug  per  day,  no  allowance 
being  made  for  interest  and  depreciation. 

In  the  construction  of  a  ditch  in  North  Carolina  a  new  1^- 
vard  dipper  dredge  was  employed.  This  dredge  had  a  6  x  20  x  70- 
ft.  bull  and  was  equipped  with  8%  x  lO-in  double-cylinder  hoist- 
ing engines:  7  k  7-in  double  cylinder,  reversible  swinging  engines; 
1  50-hp,  Scotch  marine  return-Hue  boiler;  a  1%'yard  dipper, 
31-ft.  dipper  handle,  and  45-ft.  boom.  The  spuds  were  convert!- 
Iile  to  ])ank  or  vertical  and  were  operated  by  the  hoisting  engines. 
The  cost  of  this  dredge,  erected,  was  S10,3'12.13.  The  dredge  was 
operated  continuously,  each  shift  working  II  hours  per  day. 
The  men  were  paid  at  the  following  rates  per  month  "^uperin 
(endent  in  charge,  $110;  engineers,  $100  Lranemen  $60  fire 
men,  $48;  deck  hands,  $3a.  Tlie  men  furnished  their  own  sub 
sistence.  The  ditch  was  9^  miles  long  and  ranged  from  22  to  30 
II.  wide  on  top  and  from  8  to  10  ft.  deep  it  had  side  slopes 
of  1^  to  I  and  a  berm  8  ft.  wide.  The  water  lei  el  wa^  easih 
maintained  near  the  ground  surface.  Verj  little  right  of  wbv 
liraring  was  required.  In  the  construction  of  this  ditch  the 
dredge  excavated  350,720  cu.  yd.  of  earth  One  year  was  re 
ijuired  for  the  dredge  to  complete  this  «ork  llie  following  cost 
data  were  taken  from  the  records  of  the  drainage  district  which 
i)wned  and  operated  the  dredge: 

Cmt  of  DiwratioD,  including  labor  and  fuel  tlS.8SS.01 

Rivmirs   1,9(8  24 

Interat  aod  depceeUtion  4,£tO.S2 

Total    »a2,OT7.47 

Con  per  cubic  ;wd,  |0.IKi2S. 
A  new   dredge   of   the   same   size   and    type   as   the    one   just 
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deseribed  was  used  in  the  excavation  of  a  drainage  ditch  in  the 
same  locality  aa  ttie  foregoing  project.  The  ditch  followed  an 
old  creelc  channel  for  the  greater  part  of  its  length.  The  cost 
of  the  dredge,  erected,  was  $9,365.34.  It  was  operated  in  one  ' 
Bhift  of  11  hours;  the  actual  time  of  operation  wae  not  recorded. 
The  crew  and  the  rates  of  pay  were  the  same  aa  in  the  foregoin«; 
OKample.  The  ditch  was  3?4  miles  long  and  ranged  in  top  width 
from  R2  to  26  ft.  and  in  depth  from  6  to  10  ft.  The  side  slopes 
were  ^  to  1 ;  the  berm  was  8  ft.  wide.  The  dredge  worked  down- 
stream and  the  water  level  was  easily  held  near  the  ground  sur- 
face. Practically  no  right-of-way  clearing  waa  done.  The  ma- 
terial excavated  was  a  loam  top  soil  underlain  by  stilT  clay ; 
very  little  rock  waa  encountered.  The  cost  of  the  worlc  was  con- 
siderably affected  hy  the  expenae  ($1,450)  of  passing  three  bridges. 
The  total  amount  excavated  in  a  period  of  about  10  months  was 
121,200  cu.  yd.  The  dredge  waa  owned  and  operated  by  the 
drainage   district.     The   following  costs   were  recorded: 

Coat  of  operslion,  iiiFludinE  labor  ind  fuel  I  &,S21.0(> 


A  dipper  dredge  with  a  j'/i  x  16x00-ft.  bull,  7x8-in.  double- 
cylinder  hoisting  engines,  friction  swing,  1-yard  dipper,  35-ft, 
boom,  and  telescopic  bank  spuds  was  used  in  the  construction  of 
about  5  milea  of  ditch  in  western  North  Carolina.  No  reliable 
information  was  available  as  to  the  amount  of  material  moved; 
but  the  following  figures  as  to  the  cost  of  installing  the  dredge 
are  of  interest: 

Hull;    LBbor  and  material  11,803.23 


SSR,: 


Extra  eqnipaieat  (forgs  toola.  etc.)   ... 
LifbliDg  equipment  (engine  and  dynao 


IT.eSE.SS 


In  Colorado,  a  dipper  dredge  having  a  24  x  75-ft.  hull,  l^^-yd. 
dipper,  and  60-tt.  boom,  was  used  in  cleaning  out  and  enlarging 
about  20  miles  of  canal.  Tlie  equipment,  complete,  including 
cook  and  bunk  boats,  cost  $16,S00.  Two  shifts  of  II  hours  each 
were  run.  During  the  year  for  which  the  data  are  given  the 
dredge  waa  actually  in  operation  but  187  days,  or  68%  of  the 
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total  working  days.  The  following  crew  were  paid  tlie  given 
rates  per  month,  including  board:  Head  runner,  8120;  1  runner, 
SnO;  2  craneraen  at  $55;  2  firemen  at  $45;  2  deekhanda  at  $40-; 
I  teamster,  $40;  1  cook,  $50.  No  right -of -way  dearing  was 
rei|iiired.  The  water  For  the  boiler  wa^4  taken  from  the  canal, 
and  as  a  result  eonsiderable  trouble  was  experienced  from  mud 
and  scale.  The  cost  data  below  are  based  on  the  amount  of 
material  moved  from  inside  the  grade  stakes  during  the  year, 
amounting  to  3ft4,3S7  eu.  yd.  It  was  estimated  that  an  excess 
uf  23%  was  actually  moved.  The  fallowing  was  the  cost  of  the 
Hork  for  one  year ; 

Coal,  iacludiDg  frelibt,  l^m.SJ' Vo'iU.'Bt'tslJs'"!!.'!!!!  3,m'.li 

Hsuling  coal.  1.27B.65  lom,  »t  SVA  cl 1.05S.M 

Oil.  WMle,  and  migceUaneous  ■upj.iies  «92.80 

Cost  of  controlling  water  to  float  dredgr  3WM 

Repairs,  labor,  and  material   3,89(,B7 

Bcmoring  and  r*t>laeing  bridgea  S3T.T8 

IntBreat  and  depreciation   6,76B.I» 

Total    t22,S6«.5« 

Coat  per  cubit  yard.  I0.06S. 
Misccllaneou*  expeniee: 

Engineering  and  auptrrieion  I  1.856,10 

Building  up  ditch  bank  and  making  road  on  top  4.721.75 

Highl  oT  way  and  legal  eipenaee  190,42 

Total    I  6,768.27 

The  cost  of  the  dredging  outfit  was  as  follows: 
Hnlh 

MaUTial    t  l.MO.gJ 

Labor,  including  baulios  1.959,98 

Macbinerj; 
Cent,  including  (reighl  B,S97.7a 

Cook  and  bank  boat*: 

MaUrial .,.. 683,90 

Ubor   453,68 

Equipment 646.35 

Total (16,600,00 

In  connection  with  a  drainage  project  in  southwest  Louisiana 
a  steam -operated,  floating  dipper  dredge,  equipped  with  a  l-yd. 
dipper,  40-ft.  boom,  and  convertible  power  spuds  was  employed 
in  the  excavation  of  about  10  miles  of  ditch  which  varied  in 
width  from  18  tfl  50  ft.  and  depth  from  4  to  6  ft.;  15-tt. 
liemta  were  specifiecl.  The  cost  of  the  dredge  on  the  work  ia 
said  to  have  been  $10,000.  Two  shifts  of  10  hours  each  were  run, 
liut  the   actual  number  of  days  of   operation   was  not  recorded. 
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The  orew  and  monthly  raUa  of  pay,  including  eubaiHtenoe.  were 
as  fullowo:  Two  runners  at  $IOO;Ji  cranemen,  at  $60;  2  tiremen, 
at  9QI>:  1  deckhand,  iii};  I  cook.  |!3I).  The  material  eTccavated 
was  a  hard,  tttiir  clay.  The  totiil  amciunt  vvcavated  in  alioiit  S 
months  was  I47.(HHI  cu.  yd.  Tlie  average  cont,  per  month,  of 
opeintion   wati  hh  f»llown: 

Ulior    .' t  Bin 


Tntereit  and  depreeiatkni   M2 

Total 0,464 

Coat  per  cubic  yird.  tO.<rm. 

On  another  project  in  southern  Lotiisiana  there  was  emplojcd 
a  floating  dipper  dredge  with  a  6  x  22  x  TSft.  hull;  8  \  lO-in. 
double- cylinder  hoisting  engine;  6  i  8-in.,  double-cylinder  reversi- 
ble swinging  en)(inpB;  IH-Vd.  dipper,  and  40-ft.  boom.  The  ma- 
chine was  equipped  with  bank  spuds.  The  coat  of  the  dredge, 
ready  to  operate,  was  $13,000,  The  ditches  averaged  about  30 
ft.  wide  and  were  from  5  to  8  It.  deep.  The  land  was  ncBrlj  level 
and  the  water  iiurface  was  easily  kept  within  a  foot  of  the  ground 
surface.  The  material  was  a  top  muck  undprkin  by  an  alluvial 
mud  which  was  hardly  solid  eoougli  to  hold  its  aliape  when 
dropped  from  the  dipper.  There  were  tew  submerged  logt  or 
stumps.  The  Jreilge  wax  operated  the  year  around  for  two  years. 
No  record  was  kept  of  the  actual  time  of  operation.  The  average 
output  per  shift  (12  hour*)  on  a  30-£t,-  ditch  5  ft.  deep  was  1,200 
cu.   yd.,  at  a  cont  a«  follows: 

Labor  (I  mpn)  tmjjn 

Fii»l,  S  bbl    oil.  at  tl.lo 10,50 

BfpalTB.  oil.  *ad  Erease G.GO 

Totil t2B.B0 

Coat  per  cu.  yd-,  excluin  of  intemi  lod  dppreciitiOD.  ;0.0221. 

In  the  same  general  locality  an  the  foregoing  case,  and  under 
the  same  soil  conditions,  a  l-yd.  dredge  which  was,  e.xcept  in  re- 
spect to  capacity,  equipped  similarly  to  the  above -detieribed  ma- 
chine, wa4  operated  in  the  construction  of  ditches  which  averaged 
31  ft  wide  and  5  ft,  deep.  The  cost  of  the  dredge,  erected,  was 
$11,001.  The  average  output  per  12-hour  shift  during  a  2-years' 
run  was  1,000  cu.  yd.    The  cost  per  shift  was  as  follows: 


Rfpaira,  oil,  and  Kreuee  . 
Total 


and  depreclatioa.  tO.OM!. 
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In  another  drainage  project  in  soutliern  Louieiana  several 
ditches,  ebch  three  miles  long,  were  constructed  by  a  dipper 
dredge  installed  on  a  5^  x  18  x  TO-ft.  hull.  The  power  was  ob- 
Uiaed  from  a  00-hp.  i titer nal-combuetion  engine.  The  dredge 
bad  a  1^-yd.  dipper,  40-ft.  boom,  and  convertible  power  Bpiids. 
Tlie  total  cost  of  the  outfit,  iniluding  house-boats  and  Rmall 
tovboats,  was  $12,000i  Two  shifts  of  10  hours  each  were  run 
for  28  days  in  each  month.  The  crew  were  furnished  BubHietence, 
aDd  eath  shift  consiBted  of;  One  runner,  at  $12.%;  1  craneman, 
at  fC5;  and  1  engine  tender,  at  $40  per  month.  One  cook,  at 
as,  and  one  general  utility  man.  at  $60,  were  also  employed. 
Disking  a  total  labor  coBt  of  $-155 .  per  month.  Tlie  avernsre 
dimensioiiB  of  the  ditch  were;  Top  width,  25  ft.;  bottom  width, 
IS  ft.;  and  depth,  S -ft.  The  ground  was  nearly  level  and  the 
trater  stood  about  3  ft.  below  the  ground  surface.  Tlie  excavated 
material  naa  slifT  sandy  clay.  About  3.4  miles  of  the  work  con- 
sidled  in  cleaning  the  old  channel,  which  required  frequent  mov- 
in;;  and  gave  unall  yardage.  The  total  excavation  in  five  months 
•  aa  aliout  216,000  (u.  yd.  The  cost  was  as  follows: 

L.bor  •nd  bo«rd ti.SK 

Port  and  oil  2.300 

Repair! - S80 

Interest  and  deprctiatlon  i.OJW 

ToUl    t8,8S5 

Cost  p«r  cubic  yard.  (0.411. 

A  i<team  operated  floating  dipper  dredge,  mounted  on  a  5  x  l-'>  x 
GD-fl.  hull  and  equipped  with  a  I-rd.  dipper,  SSft.  boom,  and  in- 
I'lined  telescopic  bank  spuds,  was  used  in  the  excavation  of  alwut 
10^  miles  of  ditch  in  North  Carolina.  The  co^t  oF  the  dredge  \b 
<tated  to  have  been  $0,613. R2.  One  shift  of  10  hr.  per  day  was 
run.  The  actual  number  of  days  of  operation  wan. not  recorded 
The  crew  and  rates  of  pay  were  as  follows:  One  engineer,  $125 
per  mo.;  1  craneman,  $2.00  per  day;  1  fireman.  $1.25  per  day: 
I  watchman,  $1.50  per  day;  the  crew  furnished  their  own  eub- 
KiBtence.  The  ditch  was  alnut  IH  ft.  in  top  width,  13  ft.  deep, 
and  had  ^  to  I  slopes.  It  followed  an  old  creek  bed  for  a 
large  part  of  the  distance.  The  material  excavated  wan  a  clay 
though  Bome  rock  was  encountered.  Baned  upon  the  given  di- 
iBen<-ions  of  the  ditch,  the  total  excavation  amounted  to  205.000 
cu.  yd.  Eighteen  months  were  required  to  complete  the  work. 
The  cost  was  as  follows: 

Optialimi: 

Labor     f  8.310.94 

Fori    2.210.30 
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Labor 


Cost  per  cubie  jard,  (O.OEl 


t,Of!M 


EnglQeeriiiB    1M.83 

CleBTinz  t^lit  of  wbj  SM.TO 

Kobuildine   Lridjes 104J4 


Total ;  1,219.26 

Some  Costs  of  Dred(rework  on  the  Los  Angeles  Aqnednot. 
The  /oliowing  costs  of  dredging  are  taken  from  the  monthly 
rpport  for  February,  1011,  on  a  section  of  the  Los  Angeles 
aqueduct  through  the  Owens  Valley.  The  dredge  consiats  of  a 
scow  on  which  is  mounted  a  No.  80  Marion  electric  shovel  with  a 
114-co.  yd.  dipper.  The  cost  of  the  dredge  was  $13,807,  and  it 
was  built  aceording  to  the  BpeoiflcatioiJB  of  the  aqueduct  engineers. 
The  yardage  is  based  upon  the  theoretical  section  of  the  aqueduct, 
or  H.SNcu.  yd.  per  lineal  foot.     This  Ib  exceeded  to  a  email  ex- 


t«tit  by  excess  cutting.     The  fr 

ill  owing  ai 

Operation 

2,825 

3S.gT6 

t  T27.S8 

60.40 

.36 
11,188.10 
W.030* 

re  the  data  for  F( 

«Dd')4p.          MiBC. 

t  ias'si     mV.85 

».0!58 

:bruary : 
Totals 

Cubic  yard*   

■■.■■■ 

Live  stock  coat* 

61  .SO 

Unit  coal  per  en.  yd Vi.om 

tO.OGflG 

The  unit  cost  per  cubic  yard  (or  the  month  figurea  5.fl5  cents, 
but  the  unit  cost  given  for  the  work  of  the  dredge  to  date  is 
6.7  cents. 

Orapple  Dredge.  Grapple  or  grab  bucket  dredges  are  also 
known  as  clawahell  or  orange  peel  dredges,  according  t«  the  type 
of  bucket  used  in  excavating.  They  are  adapted  to  work  in 
very  deep  water  or  in  couflned  places,  such  as  caissons. 

In  Engineering  Neica,  February  2,  ISBD,  an  Osgood  10-cu.  yd 
clamshell  dredge  is  described.  The  crew  consieted  of  ten  men, 
and  live  tons  of  coal  were  consumed  in  ten  hours.     The  machine 
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bad  a  capacity  of  one  bncket  load  per  minute  and  averaged 
ibout  400  cu.  yd.  per  day. 

The  table  on  pages  296-2^  has  been  compiled  from  the  report  of 
Gen,  Bixby,  Chief  of  Engineers  of  U.  S.  A,,  for  the  fiscal  yeai' 
at  the  U.  S.  Government  ending  June  30,  1011,  and  contains 
■ome  importAnt  data.  The  column  headed  "  Total  Coat  of 
Dredging"  is  understood  to  include  cost  of  repairs,  but  not 
interest  and  depreciation.  The  oldest  of  these  dredges  seema 
to  have  been  built  in  1869,  which  would  make  its  age  at  the 
time  of  the  report  42  years.  It  is  hardly  safe,  however,  to 
consider  this  the  standard  age  for  computing  depreciation.  At 
the  age  of  30  a  dredge  is  either  eo  antiquated  as  to  make  repairs 
lery  heavy,  or  so  out  of  date  as  to  make  it  uneconomical  to 
operate.  Therefore,  fbiing  30  years  as  the  life,  which  is  more 
than  that  of  the  average  locomotive  in  the  United  States,  and 
allDving  interest  at  6%,  the  annual  interest  and  depreciation  on 
tbe  total  cost  of  the  dredges  would  be  $82,061,  or  about  2c  per 
ea.  yd.  in  addition  to  the  average  ligure  of  13.6c  given  in  the 
Ubie. 

A  clam  shell  dredge,  Delta  (Fig.  13ft),  was  used  by  the  Cali- 
fornia Development  Co.  frojn  November,  1008,  to  1012  in  places 
wliere  it  was  necessary  to  build  up  levees  to  greater  heights  than 
could  be  reached  by  the  dipper  dredges.  The  following  descrip- 
lion  is  compiled  from  a  paper  by  Mr.  H.  T.  Corry,  Trtws.  Am. 
Soc.  C.  E.,  November,  1012: 

The  dredge  had  a  hull  120  ft.  long,  54  ft.  wide,  and  11  ft. 
deep,  and  was  equipped  with  a  clamshell  bucket  fnounted  on 
B  130-fL  boom.  The  machinery  comprised  a  150  hp.  internally 
lired,  circular,  fire-tube  boiler,  and  a  20x24-in.  engine  on  each 
"ide.  Work  on  the  hull  was  started  May  1,  the  hull  launched 
August  15,  and  the  machinery  in  place  at  the  end  of  October. 
Tlie  total  coat  of  the  dredge  was  ^0,000,  including  £34,000  for 
machinery  f.  o.  h.  San  Francisco.  The  weight  of  the  craft  was 
m  tone. 
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Three  shifts  were  worked,  making  a  total  of  23  hours  actual 
work  per  day.  The  average  time  in  operation  was  28  days  per 
month.  In  good  ground,  with  side  swings  averaging  70  degrecH 
on  each  side,  the  time  per  bucketful  was  40  seconds.    The  quan- 
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titf  handled  varied  witU  the  kind  of  material  from  3  to  '■ 
cu.  yd.  extremeH.  On  the  Sacramento  River,  under  good  con 
ditions,    150,001)   tu.   yd.   per   month   were   handled. 

UodUiI;  eipeDBee: 

operalon  B.SOO-M 

ment  at  «%   WIM 


lonthly  expenses"  is  a  minimum ;  ordinarily, 
in  Mexico,  the  monthly  expense  was  $5,000.  The  average  cost  in 
Mexico  was  4  to  0  cents  per  cubic  yard. 

Ladder  Dredges.  Bucket  elevator  dredges  are  known  as  bucket 
ladder  dredgee,  chain  bucket  dredges  or  endless  bucket  dredges. 
They  are  used  principally  abroad,  and  in  the  United  States  mainly 
on  canal  work.  They  are  very  good  where  the  cutting  is  light  and 
also  in  finished  work,  for  they  leave  a  smooth  bottom. 

In  Trans.  A.  S.  of  M.  E.,  18S8-7,  Mr.  A.  M.  Robinson  saya  that 
1  hp.  on  an  elevator  dredge  will  excavate  S  to  0  cu.  yd  whereas 
in  a  dipper  dredge  1  hp.  will  excavate  about  3%  cu  yd.  in  32  ft. 
of  water. 

In  Engineering  Xeice,  August  4,  1892,  a  Bucyrus  bucket  ele- 
vator dredge  is  described.  The  average  daily  output  was  I.ISO 
yards  in  10  hours  in  soft  sponge  material.  The  crew  con- 
sisted of  six  men  and  the  cost  of  excavation  per  cu.  yd.  was 
about  3c. 

In  a  paper  read  before  the  Institute  of  Mining  and  Metallurgy 
of  Great  Britain  on  April  19,  1906,  Mr.  E.  Seaborn  MarJ(8  anj 
Mr.  Gerald  N.  Marks  gave  descriptions  of  bucket  dredges  used 
for  dredging  gold  in  Australia.  A  total  of  50,000  to  70,000 
Kup.  ft.  of  timber  are  used  in  building  a  pontoon  which  will 
measure  from  70  to  90  ft.  or  more  in  length,  about  30  ft.  in 
width  and  S  ft.  6  in  in  depth.  These  dimensions  vary  with 
the  weight  of  machinery  and  the  general  arrangement  and 
design  of  the  plant.  Australian  hard  woods  are  excellent  ma- 
terial, on  account  of  their  strength  and  diirabilitj',  but  their 
weight  is  an  objection  should  a  shallow  draft  be  required.  In 
this  case  Oregon  pine  would  he  preferable  for  planking,  with 
hard  wood  framing.  If  hard  wood  is  not  procurable,  pitch  pine 
should  be  used  for  framing,  as  Oregon  does  not  hold  spikes 
securely.  All  pontoons  are  coated  with  tar  to  preserve  the 
timber,  after  the  seams  have  been  calked,  and  are  plated  with 
steel  plate  for  Q  ft.  at  either  end  as  a  protection  from 
sunken  logs.    In  countries  where  transportation  is  difficult  and 
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skilled  labor  scarce,  pontoons  are  constructed  of  steel  plates 
and  girders.  These  are  built  in  the  works  and  afterwards  taken 
1  to  pieces  and  shipped  in  sections.  The  cost  of  building  three 
plants  and  pontoons  is  given  below,  but  these  prices  will 
necessarily  vary   with   the  cost  of   transporting,   labor  and  such 

(1)  A  pontoon  of  bard  wood  with  an  inner  skin  of  Oregon 
pine  cost  $6,760,  The  complete  plant  cost  $32,500.  This  machine 
is  a  screen  dredge  with  a  discharge  into  a  sluice  run.  A  similar 
plant  with  a  tailings  elevator  (in  which  case  the  screen  would 
lie  lowered  to  within  a  few  feet  of  the  deck  and  power  thereby 
saved  in  pumping  up  the  water  for  washing  purpuBes)  would  cost 
approximately   $5,000  more. 

(2)  The  pontoon  constructed  of  Oregon  planking  spiked  to 
hardwood  framing  of  cheap  and  effective  design  cost  $4,140. 
The  complete  plant  cost  $27,500.  The  frame  has  diagonal  struts 
forward,  on  the  lower  one  of  which  the  frame  is  pivoted  and 
can  be  moved  up  and  down  to  alter  the  dredging  depth. 

(3)  A  pontoon,  built  on  somewhat  different  lines  with  diagonal 
and  cross  braces,  is  constructed  of  Oregon  planking  with  bard 
wood  frames  and  is  suitable  for  working  light,  shallow  grounds. 
The  gantry  from  which  the  ladder  is  swung  in  constructed  of 
steel  in  the  first  two  pontoons  but  in  this  case  it  is  of  Oregon 
pine.  This  dredge  has  a  combination  of  sluice  box,  screen  and  ele- 
vator and  can  be  lengthened  so  as  to  do  the  combined  work  of  a 
screen  and  tailings  elevator.  The  cost  of  the  plant  complete 
was  $30,000.  The  buckets  in  general  use  were  of  4^  cu.  ft. 
capacity  of  S-IO  to  >^  in.  steel.  They  varied,  however,  from 
3 'to  12  cu.  ft.  capacity.  The  boiler  generally  used  is  of  the 
return  tube  marine  type  with  internal  flue  working  up  to  120 
lb.  per  sq.  in.  It  is  usually  6  ft.  H  in.  in  diameter  and  8  ft. 
long  (12  ft.  over  all  with  combustion  chamber  and  smoke  box), 
fitted  with  48  tubes  and  will  give  75  I.  H.  P.  The  engine  is 
from  16  to  25  hp.,  making  12.i  revolutions  per  minute.  The 
16  hp.  one  has  compound  cylinders  8  x  14>^  and  14x14%  In. 
A  belt  from  tlie  fly  wheel  connects  with  the  first  motion  shaft, 
and  the  pulley  works  a  12-in,  centrifugal  pump. 

The  following  table  is  the  result  of  two  dredges  used  in  dredging 
gold. 

No.  1  Drsdge  No.  2  Dredge 

Full  working  time  far  ■  sear  52  <rk.  or  7.138  br.  in  esch  case 

Actual  time  worked   B.lSl  hr.  5.672  hr. 

PercenUga  of  lost  time 17.70%  2G.6% 

GroBi  CBpsctty  o[  dredge  120  ca,  yd.  112.5  eu.  jd. 

UslerUl  Bclually  Iredled   32^90.3  cu.  yd.     2(^360  e'u.  yd. 
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wilh  4(6  CD.  tt.  buckets,  bat  in  tbe  flnt  IS 

,26  bucketB  per  minute  ware  delWered. 

ivea   the   expenditures   during   the   week 


Freight  and  curtsge  . 
Div^ge  Huprlieii  


A  bucket  ladder  dredge  and  »peeial  conveyor  were  built  at 
Adams  Basin  on  the  New  York  Barge  Canal  during  the  eummer 
of  IHOfl. 

The  dredge  itself  is  floated  on  two  steel  pontoona  which  are 
parallel  to  each  other  and  are  braced  t(^ther  by  a  rigid  frame- 
work. A  gantry  projects  in  front  ot  and  between  the  pontoons 
and  Hupporta  the  ladder,  which  extends  io  the  bottom  of  the 
canal.  The  buckets  each  have  a  capacity  of  5  cu.  ft.  From  a 
hopper  at  the  top  of  the  ladder  the  material  is  discharged 
upon  a  beit  which  in  turn  diBcliari^eH  into  a  second  hopper  and 
a  second  belt  at  the  rear  of  tbe  dredge.  A  third  belt  is  carried 
on  a  separate  pontoon,  along  a  steel  cantilever  frame  which 
carries  the  belt  40  or  50  tt.  to  the  bank.  Each  belt  is  operated 
by  a  separate  motor  receiving  power  from  the  dredge.  The 
plant  cost  *70,000. 
The  cost  of  the  work^for  the  first  three  months  wbb  as  follows: 
August,   1900;    18,63S  cu,  yd,   excavated; 

CobI  and  oil  I1.9S4  50 

Fifteen  tomt  coal  for  boiBUug  entinc,  al  K.SS  1I.7G  , 

Miscflinneaus  supplies  tor  hoistmK  eniine  &.3i  , 

MitcoliincQUK  ^npplies  tor  faoistiUE  encina  and  derrick..  «.|g  I 

Hauling   supplies    : MOO 

Crew  of  dredge  I.»a.K 

TotBl   fost t4.S8».eS 


Coat  per  cu.  rd..  SSJS  ceati. 


(4.J8 
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Interest  and  depreciation,  etc.,  were  not  to  be  included,  on 
account  of  commencing  work  in  this  month. 

Drains   and   atraprre   aupplemented   the   dredge,   movii)-.'   (i544 

jd.  for  a  total  of  $1,280.60,  or  20.6  ct  per  cu    yd.     The  cost 

of  wooden  foitns  aod  of  spreading  and  rompacting  amounted  {« 

(1,1B3.25  for  10.015  cu.  yd.  of  embankment,  or  11.9  ct.  per  cu.  yd. 

September,  190Q;  32,000  cu.  yd,  excavated: 

Inlerest,  drnrecialion  and  repairs  t2,2l%.«a 

ISO  Una  coal,  at  {2  tong  p«r  ihirt)  Elll.VO 

IBOgal.  eaaoilne  at  12  et, I8.n0 

Oa  iao  (sl.  at  1»  ct. ;  60  gal.  at  J5  i«.)  JS.20 

1,200  Lb.  grease  al  8  ct.  M.flO 

200  lb.  waste  al  8  cl lO.OO 

Te«m»    as.fW 

LiJjor     I.8B7JM 

Total   cost 16,950.20 

Cost  per  cubic  yard.  18.fi  cents. 

A  total  of  90  eight-hour  shifts  were  worked  Tlie  cost  of  the 
embankment   was  as  follows: 

Labor,  ppreading  and  compaclinff I3.1SI.^ 

Hauling  (orm  Inmber  1771S 

Coal  form  lumber  1,12500 

Gpnernl 2*1,00 

Hauiinf  «uppii«". '.'.!'.''.!'.''.'.".!!'.!!!!!!! !'.;!!'.;"'.!!!','.!".!'.!      Bsiiw 

Total     |6,62«,9S 

Only  11,000  cu.  yd.  were  allowed  for  the  above  work  on  em- 
bankment, as  the  forms  gave  way  and  the  soft  material  had  to 
be  scraped  back.  This'  brought  the  cost  of  embankment  for  the 
month  up  to  51,1  ct.  per  yd, 

October,  1009;  25,600  cu.  yd.  excavated: 

Intereat  and  depreciatian   t2.:l51  06 

IMIoni  coal  aH2.85  53010 

Laiwr a.HB.BS 

oil,  rreaiB'and'wMte" !!!!!!! I! !'!!,'""!.'!.']!".'.""! !.'!!!       I58[09 

OsBcdlne    18.00 

Rppalrt   1S.90 

Total  coat «,222,M 

OoBl  per  cubic  yard,  24.4  cenla, 

A  total  of  93  eigbt-hour  shlfta  were  worked.  The  cost  of 
embankment  was  as  follows: 

Labor,  spreading  and  compacting  12,8^.25 

Er«ii<Mi    10s!U 

Hauling    95.no 

Total    M.B69.25 
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Thia  gives  for  21,800  cu.  yd.  of  embankment  &  cost  of  10.0  ct. 

Becent  Example!  of  CallfomUi  Gold  Diedeei  with  CotU  of 
Dredging:.  A  concise  etatement  of  practice  in  California  in  dredge 
conHtruction  for  reclaiming  gold  from  underwater  gravels  ie  taken 
from  an   elaborate  paper  by   Mr.   CharleB  Janin   in   the   bulletin 

for  March,  1012,  of  the  American  Inatitute  of  Mining  Engineers. 
The  paper  aI»o  gives  a  table  of  costs  which  are  of  general 
interest  in  view  of  the  increasing  favor  with  which  elevator 
drpdgea  are  being  considered  in  America. 

The  modern  California  type  dredge,  with  close -connected  buck- 
ets, spuds  and  belt  conveyor  for  stacking  tailinpa,  was  a  gradual 
development  through  years  of  experimontinjj;.  Thia  dredge  em- 
hod  i  en  the  ideas  of  successful  operators,  and  it  is  generally 
conceded  that  dredge  construction  and  operating  methods  in 
California  are  far  ahead  of  those  in  any  other  country  in  the 
world,  Tlie  dredges  built  in  California  coRt  from  *26,0ftO  to 
$20.1,000  each:  a  aUndard  8.5  cu.  ft.  boat  costing  from  $160,000 
to  $175,000,  according  to  conditions  to  be  met  in  operation.  VVitli 
the  great  improvements  made  in  dredge  conatruction,  and  corre- 
sponding reduction  in  operating  costs,  areas  that  were  at  first 
considered  too  low  grade  to  be  equipped  with  a  dredge  are  being 
profitably  worked. 

California  dredges  vary  in  size  from  3.5  to  15  cu.  ft.  buckets. 

In  Alaska  some  dredges  are  equipped  with  buckets  as  small 
as  1.25  cu.  ft.  to  dig  shaHow  ground,  and  are  reported  to  be 
working  profltahly.  While  electricity  is  the  ideal  power  for 
operating  dredges,  steam  liaa  been  successfully  used  on  a  number 
of  installations,  and  experience  has  proved  the  merits  of  the 
gasoline  distillate  engine  for  this  work.  There  seems  little 
doubt  that  the  successful  development  of  the  gas  producer 
for  the  generating  of  electric  power  will  prove  an  important 
factor  in  considering  future  dredging  of  gravel  areas  in  districts 
where  electric  power  or  water  power  for  the  installation  of 
hydro-electric  plants   is  not  at  present  available. 

One  of  the  largest  gold  dredges  operating  in  California  was 
put  in  commission  at  Hammonton,  in  Yuba  River  basin,  August 
10,  1011.  This  dredge  was  built  by  the  Yuba  Construction  Co. 
and  is  one  of  five  practically  similar  dredfres  built  by  the  same 
company  this  year.  It  required  820,000  ft.  of  lumber  for  the 
hull  and  housing  the  hull;  its  dimensions  are  150 \  SB. 5  x  12.S  ft., 
with  an  overhang  of  6  ft.  on  each  side,  making  SR.S  ft.  total 
width  of  housing.  The  digging  ladder  is  of  plate  girder  con- 
struction and  designed  to  dig  65  ft.  below  water  level,  and  is 
equipped   with    ninety    15   cu.    ft.    buckets   arranged    in   a   close 
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connected  line.  The  entire  weight  of  the  digging  ladder  and 
hurket  line  is  approximately  700,000  lb.  The  washing  Kreen 
is  of  the  revolving  type,  Toiler  driven,  and  is  9"ft.  in  diameter 
by  SO.S  ft.  long  and  weighs  111,721  lb.  Two  steel  spuds  are 
used,  each  weighing  over  44  tons.  The  ladder  hoist  wineh  has 
a  double  drum  and  weighs  67,016  lb.  The  swinging  winch  con- 
sists of  eight  drums  and  weighs  34,163  lb.  The  stacker  hoiat 
winch  weighs  3,722  lb.  Tlie  gold  saving  tables  are  of  the 
double  bank  type  and  have  an  approximate  riSIe  area  of  8,000 
sq.  ft.  The  tailings  sluices  at  the  Btern  can  be  arranged  to 
discharge  the  sand  from  the  tsjiles  either  cloae  to  the  dredge 
or  at  some  distante  l)eliinU.  The  conveyor  stacker  ■  belt  is  42 
in.  wide  and  27;'>  ft.  long,  on  a  stacker  ladder  of  the  lattice 
girder  type,  142  ft.  long.  Nine  motors  are  in  use  on  the  dredge 
with  a  total  rated  capacity  of  1,072  hp.  The  total  weight  of 
hull  and  equipment  is  4,640,802  lb. 

Natoma  Ho.  10  dredge,  now  under  conatruction,  is  equipped 
with  16  cu.  ft.  buckets,  and  will  have  a  steel  hull,  being  the 
first  dredge  operating  on  a  steel  bull  in  California.  The  hull 
will  be  150x50x10.5  ft.  and  will  have  &  total  weight  of  020,000 
lb.  This  will  be  about  one-baif  the  weight  of  a  wooden  hull 
to  carry  the  same  maehinery,  and  the  draft  of  the  boat  will 
be  considerably  lighter.  This  tioat  will  be  in  operation  in  April, 
1912. 

The  machinery  of  ttome  California  dredges  haa  been  dismantled 
and  moved  to  other  fields  and  inxtnlled  on  new  dredges.  The 
estimated  cost  of  dismantling  the  Scott  River  dredge,  which  waa 
equipped  with  7.-i  eu.  ft.  buckets,  building  a  new  hull,  installing 
machinery,  including  a  28-mile  haul,  with  a  freight  cost  of  over 
I  cent  per  pound  and  building  a  6-mile  transmission  line,  was 
$80,000.  The  Butte  dredge  was  put  in  operation  in  November, 
1902,  and  dismantled  in  July,  1010.  It  was  equipped  with  3.5 
cu.  ft.  buckets.  The  machinery  is  being  placed  on  a  new  hull  and 
includes  a,  new  bucket  line  of  4  cu.  ft.  buckets.  The  cost  of  the 
installation  has  been  estimated  at  $30,000. 

The  dipper  dredge  baa  been  successfully  operated  on  small 
areas  at  Oroville  and  elsewhere,  but  does  not  meet  with  approval 
among  dredge  operatorx  in  general,  who  contend  that  the  effi- 
ciency of  these  boats,  both  aa  to  yardage  and  gold  saving  capac- 
ity, is  not  up  to  that  of  the  standard  type.  These  boats  have  a 
low-first  cost  (about  «25,00O.  f.  o.  b.  factory)  and  are  built  with 
buckets  of  from  1,26  to  2,5  cu.  yd  capacity.  It  is  claimed  by 
the  dealers  and  some  operators  that  under  the  following  con- 
ditions there  i»  a  field  for  this  ty[>e  of  dredge;  (I)  Where  the 
ground  is  somewhat  shallow;   (2)  where  the  extent  of  the  groun'' 
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ia  not  sufficient  to  warrant  the  inBtallation  of  a  costly  dredge; 
(3)  where  the  material  is  of  a  rough  character,  boulders  and 
stumps;  (4)  i>4iere  the  ground  is  mixed  with  more  or  less  etey, 
as  the  dipper  will  relieve  itself  notwiUia landing  the  adheaive- 
neaa  of  the   material. 

What  seems  to  .  be  a  record  in  dredge  conBtruction  is  the 
building  of  the  dredge  for  the  Julian  Gold  Mining  &  Dredging 
Co.  on  Osboum  creek,  near  Nome,  Alaska.  Thia  dredge  was 
constructed  by  the  Union  Conatruction  Co.  of  San  Francisco. 
The  dredge  waa  shipped  from  San  Francisco  on  June  1,  arriving 
at  Nome  June  13.  On  June  17  the  company  commenced  hauling 
material,  and  on  Jut;  22  the  dredge  was  completed  and  opera- 
tions started.  The  dredge  hull  is  30  x  00  x  6.5  ft.  It  is  equipped 
with  34  open  connected  2.75  cu.  ft.  buckets,  and  is  designed  t« 
dig  14  ft.  below  water  level.  Power  is  furnished  by  gasoline 
engines  as  follows:  One  50  hp.  for  digging  ladder,  winches 
and  screen;  one  30  hp.  for  pump;  one  T  hp.  for  lighting 
apparatus;  a  total  of  87  hp.  Diatiltate  costs  at  Nome  21  cents 
per  gallon.  Operating  expenaes  at  present  range  from  $110  to 
S125  per  day,  and  the  capacity  of  the  dredge  is  from  1,000  to 
1,300  cu.  yd.  per  day,  indicating  an  operating  cost  of  from  10 
to  1 1  cents  per  cubic  yard,  exclusive  of  repairs.  The  cost  of 
the  dredge  complete  and  in  operation  was  $45,000. 

The  operating  cost  of  dredging  is  always  a  matter  of  interest. 
but  working  casta  cannot  be  fairly  used  in  comparison  unless 
uniform  methods  of  determining  them  are  employed,  and  also 
unless  operating  conditions  are  soniewhat  similar.  Aa.  in  other 
branches  of  the  mining  induatry,  it  may  also  be  said  that  the 
apparent  operating  cost  ia  in  a  great  measure  a  matter  of  book- 
keeping. It  is  interesting  to  note  the  following  average  oper- 
ating cost  per  cubic  yard  of  the  large  companies  working  in 
California  during  1010.  The  Yuba  Conatruction  Co.,  for  the 
year  ended  February  28,  1011,  handled  13,970,728  cu.  yd.  at  a 
total  coat  of  5.67  cents  per  cubic  yard.  The  Natomae  Consoli- 
dated handled,  for  the  year  ended  December  31,  1010,  a  total  of 
15,980,525  eu,  yd.  at  a  total  cost  of  4.52  cents  per  cubic  yard, 
and  during  the  six  months  ended  June  30,  1011,  a  total  of  10,- 
79.^,891  cu.  yd,  at  a  total  operating  cost  of  3.78  cents  per  cubic 
yard.  This  company  has  put  in  commission  during  1912  three 
dredges  with  buckets  having  a  capacity  of  16  eu,  ft.  These 
two  boats  are  now  satisfactorily  handling  ground  that  for  a 
long  time  was  considered  too  difficult  for  economical  dredging. 
The  gravel  is  deeper  and  more  compact  than  any  other  in  the 
district,  and  dredge  No.  8  is  handling  ground  containing  much 
EtifT  clay.     The  Oroville  Dredging,  Ltd.,  (or  the  year  ended  July 
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31,  iei«,  bandied  S,66I,612  cu.  yd.  at  a  total  cost  of  6.06  cenU 
per  cubic  yard. 

Hydraulic  I>Tedsei>  The  ordinary  hydraulic  dred^  has  a 
centrifugal  pump  to  raiM  the  eartb  and  water,  and  a.  rotary  cutter 
or  a  water  jet  to  Isaaen  the  material.  The  discharge  ia  carried 
through  pipes  supported  on  scows.  Tough  clay  with  very  lar)W 
boulders  cannot  be  handled,  and  while  sharp  sand  is  excavated 
readily  it  cuts  the  pump  and  discharge  pipe  badly;  but  for  soft 
material  the  hydraulic  dredge  ia  very  satisfactory. 

In  the  Transactions  of  A.  S.  a  E.,  1884,  Mr.  L.  J.  Le  eente 
givee  the  cost  of  dredp;ing  in  Oakland  Harbor,  Cal.  The  average 
output  waa  30,000  cubic  yards  per  month  for  eight  mcmths. 
The  best  output  was  60,000  cubic  yards  in  23  days  of  10  houra 
each,  with  delivery  pipe  1,100  ft,  long.  Aa  output  of  46,000 
cubic  yarda  in  19  days  of  10  hours  each  was  accomplished  when 
the  lift  was  20  ft.  above  the  water,  with  a  pipe  1,600  to  2,000 
ft.  long.  The  dredge  waa  equipped  with  a  0  ft.  centrifugal  pump, 
two  16x20  in.  engines  for  the  pump,  two  12x12  in.  enginea 
for  operating  the  cutter,  etc.,  and  two  100  hp.  itoilera.  On  an 
average,  13%  of  the  material  pumped  was  solid,  but  up  to  40% 
all  solida  could  be  carried.     The  daily  cost  was  as  follows: 

Coal,  oil  and  waste  t  3K.75 

Crew  of  9  men 2S.0O 

Cook  and  board  7.00 

IntrreU,  depreciation  aad  iutiarance Z5,f,5 

Total    (105,50 

10  men  on  pipe  line io.OJ 

l.aW  cu.  xd.  at  10  ct 1121.39 

Mr.  J.  A.  Ockeraon.  in  the  Transactions  of  A.  S.  C.  E.,  181)8, 
gives  the  following  cost  of  operating  three  dredges: 


XKOD  oil.  yd 
e  ft.  10  in. 

2,000  h|). 


U  ft,  10  fl. 

jete  «  ci'tters  »— 2W-in.   joU 

CMt  of"runiinWerdBJ"..  ^M  '  »221.«3  '    '  OflO.Sl  ' 

-    •  Add  t3T  tor  iteam  leader  jind  »2  for  pile  sinker  per  12  hour, 

Mr.  Emile  Low  describes  a  small  dredge  used  by  the  United 
States  Government   at   Warroad    River,    Minn.    The   dredge   is 


?.nn'n 

Opacity,  land  pet  hr 

BOO  CO.  y 

No,  cenlrifuBal  pnajpa  

^ 

Diameter  diKharBe  pipe  ... 

™ft' 

Velooily   of   diechflree,    per 

So'ii'i^eS.'^^ir.::;:::: 

"■&. 
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of  the  "  seagoing  hopper  type "  with  stern  wheel,  but  la  also 
adapted  and  equipped  for  use  with  a  supported  discharge  pipe 
[or  river  channel  and  river  harbor  dredging.  The  dimensioiiH 
are;  Length  of  hull,  100  ft.;  width  midship  at  main  deck,  27 
ft.;  depth  of  hull  midship,  S  ft.  6  in.;  leng«h  over  all,  including 
stem  wheel  and  revolving  cutter  on  the  bow,  158  ft.;  height 
of  hull  and  superetructnre,  25  ft.  4  in. ;  draft  light,  4  ft.  3  in. ; 
draft  loaded,  6  ft.  4  in.     The  machinery  consiats  of  the  following: 

IVo  12  in.  centrifugal  pumps. 

One   16   hp.   vertical   engine   operating   the   revolving   cutter. 

One  20  hp.  horizontal  engine  operating  the  cutter  hoist,  chain 
drums  and  rope  spools. 

Two  10 1 60  in.  stern  wheel  engines. 

One  6x10  in,  duplex  force  pnmp 

Four  hand  power  worm  gears  for  manipulating  the  saud  pit 
shutters. 

Two  75  hp.  Scotch  marine  boilers. 

The  pumps  are  arranged  to  take  material  through  trailing 
suction  ends  from  both  aides  of  the  dredge  and  one  pump  is 
also  connected  with  the  suction  end  of  the  cutter  for  dredging 
in  clay  and  other  hard  material.  The  dredge,  complete  with 
wood  barge,  pipe  floats  and  small  boats,  coat  $29,130.  It  com- 
menced operation  on  May  7,  1904,  and  lietween  that  day  and 
June  30  accomplished  the  excavation  of  1,380  lin,  ft.  of  channel 
with  an  average  width  of  100  ft,  and  a  mean  depth  of  8  ft.  The 
total  excavation  was  S,625  cu.  yd,  at  an  average  coat  of  21^ 
cents  per  cu.  yd.  for  all  expenses,  including  labor,  fuel,  supplies, 
subsistence,  etc.  The  cost  of  subsistence  per  ration  was  44 
cents.  The  material  dredged  was  equal  quantities  of  hardpan 
and  mud,  the  latter  full  of  tough,  fibrous  roots.  Stormy  weather 
delayed  the  work  5^^  days.  The  total  excavation  for  the  fiscal 
year  July  1,  1»04,  to  June  30,  19ft%  was  55,205  cu.  yd.  The 
average  cost  of  excavation,  including  charges  on  account  of  the 
plant  used,  was  13,03  cents  per  cu,  yd.,  and  the  cost  of  subsistence 
per  ration  39  cents. 

The  following   tables  give  some  data  concerning   the   best   six 
hydraulic  dredges  in  use  on  the  Mississippi  Elver. 
Obioinal  Cost  op  Plant 


•Ptad,   1!4,6W 

•  9e1(-propelling.    Averiga  coat  for  non- 
toi  9elf,iiiDpelliDg,  1123,2!?;  av«nv«  cost  « 
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Repairs,  Rekbwals,  Alterations  and  BsrrTBBUEKTs  to  Plant 

D>t«  of  RepaiTB  ond    Allerationt  sad 

Name         delivery               renew  «lii          beJWrmenW  ToUU 

DalU,  Auk-,  18BT  |%7S1^            $20,634^  t49,3S6.TS 

£psilon,  Msrcb,  1£»S  il,3SiaT               1,(»4^  !S,475.&S 

Zeta,  Msrch.  IMS  20,3ia.M                L12S.17  21,4«i3 

loU,  Aui,  1909  13,155.28               S,1T4.19  a,329.47 

KappA.  JulT.  1901  l.iaSM               *.KtM  11,198.11 

PUd,  Jnly,  1901   8,605.63                4,737,61  11,343.24 

Tondera,  Oct.,  lfs» 10,718.93 

Pile  sinlters.   Dec.,   1898.. '           'SSI.IB 

•Aterace  ol  4.    Repairs   and  rfnpwals,    aTeraee  ot  6.  tlt.292.4S;  rapuni 


•rage  of  E.  n3,798.66 


menu,    iveraee  of   S.    t6.73S.91;    alteratlona  and   bettermenlB    (omit   DelUI. 
arerace  of  5,  f3,9E9.S5, 

The  dredges  Delta,  Epgilon  and  Zeta  are  non -propelling,  re- 
quiring the  service  of  a  tender  and  pile  sinker,  and  Iota,  Kappa 
and  Flad  are  Belf-propellltig. 

The  average  repairs,  etc.,  per  dredge  for  the  last  3  years  were 
11.868.61. 

Cost  of  Field  Opebations 

Numi>er  Total  Total  Total 

of  seasons      coat  field  houn  in       working 

Delta    7  tl3B.85l.40  16,648  7,605 

Epsilon    7  iao.444.4!  14,891  5,159 

Zeta    ■. 7  100,114.57  13,248  4,037 

Iota    6  80,942.51  1!,1JT  J.127 

Kappa    t  68,780.67  9,411  2,882 


Cost  of  AYerHi;e  cort 

Average  cost  malerial  per  month 

Mr  monib  in  osed  in  field  eicludins 

Name                            eommiEaion  repairs  field  repairs 

Delta    ^5,866.71  K6%.91  tE,66T.% 

EbBilon    6,323.65  4,310.65  5.615.23 

Zeta     5.443.06  3.872.81  5,832,51 

Iota     4,801.73  3,290.19  4,606.55 

Kappa    4,497.08  1,881.42  4,353.14 

Plad    4,686.41  997.79  4,610,27 

Including  field  repairs,  average  monthly  eost  for  operating  a 
non- propel  ling  dredge  nith  tender  and  pile  sinker,  $3,711.14;  tame 
for  a.  self-propelling  dredge,  $4,661.41;  excluding  coat  of  material 
for  field  repairs,  the  monthly  cost  of  operating  a  non-propelling 
plant,  $6,505.23;  same  for  a  self-propelling  plant,  $4,523.32, 

The  rated  capaeit;  of  these  dredges,  based  on  an  assumed 
velocity  of  13  ft.  per  second  in  the  discharge  pips  and  a  carrying 
capacity  of  10  per  cent,  of  sand,  is  1,200  cubic  yards  per  hour 
for  the  Delta  and  1,000  cubic  yards  for  each  of  the  other  dredges 
delivering  through  1,000  ft.  of  pipe.  In  teste  made  in  1907,  the 
following  results  were  obtained ; 
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Capacitt  Test  of  Thbee  Dredges 

Aver.  TBloeity  Per  cent.  Average 

Nune  .        perucond  ofaand  gand  per  bour 

Delta    15.10  ft.  14.69  l.SBOcn.yd. 

Epailon     Ifl.TS  ft,  i!0.68  2,553  cu.  yd. 

Zeta    lfi.48(t.  11.14  l,3«4i;u.yd. 

Field  teats  under  actual  conditione  were  made  in  1S9S. 

Duration  Average 

of  test,  cu.Td. 

Dredge  hours  per  honr  Renmrka 

Dells    27.38  1,29S  Sand,  mai.  rate  2,660  ca.  yd.  p,  hr, 

Epsitoo    24,9J  1,305  Sand, 

Zeta    62.92  «52  Blue  cUy  and  sand. 

T^ta  made  wUb   only  water  pumped  in   1902  would  give  the 

deduptiona : 

Capacity  Tests 

Average  , — Ou,  yd.  per  hour— i  Ijeagth 

Urtdee                           velocity  1S9&  sand  llEt  BSnd  of  pipe 

Delta    16,65              2.160  1,4'.0  BOO  ft. 

Kpoilon    21.30              2.404  l,6fl0  BOO  ft. 

Iota     18,86              2,114  1,400  r>CO  ft. 

Kappa     21.35              2,342  1,560  MO  tt. 

Flad    le.TB              1.S44  1,296  480  ft. 

•Iota   21.30              2,342  1,560  500  ft. 

The  actual  averages  of  all  the  dredges  in  all  materials  from 
elay  to  sand  were:  IftOl,  567.0  yards;  1002,  481.6  yards;  1903, 
42i9  yards;  1004,  637.1  yards:  average,  500.0  yards.  This  aver- 
age of  ROD  yards  per  hour  can  be  depended  on,  under  normal  con- 
ditions, for  20  hours  per  day  and  25  days  per  month.  Allowinjr 
10%  for  idle  time,  this  gives  252,000  yar  s  per  month.  The 
season  of  1904  lasted  four  months,  on  which  Itasis  908,000  cubic 
yards  per  ieaton  could  be  accomplished. 

The  contract  price  of  the  Harrod.  under  construction  in  1907, 
complete  with  pipe  Vintf  and  all  auxiliaries,  was  $238,908.17.  Its 
rated  capacity  hased  on  an  estimated  velocity  of  22  ft.  per 
second  in  the  discharge  pipe  and  a  carrying  capacity  of  10^ 
of  sand  is  2,100  cubic  yards  per  hour.  'The  cost  of  operating 
the   Ilarrod   is   assumed   to   be   $5,500   per  month   while   in   com- 

The  following  notes  on  the  hydraulic  suction  dredge  are  from 
U.  S.  Dept.  of  Agr.,  Bui.  230 ; 

For  the  construclion  of  the  larger  leveea  the  uae  of  the 
hydraulic  suction  dredge  is  entirely  feasihle  in  connection  with 
the  use  of  other  e.xc'avating  machines.  Dy  the  conatructicn  of 
the  muck  ditch  a  retaining  bank  will  be  built  to  as  great  height 
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as  the  earth  can  be  made  to  stand.  A  similar  retaining  bank 
will  be  constructed  trt  the  other  toe  of  the  levee  by  depositing 
earth  excavated  from  the  nearest  margin  of  the  ditch.  The 
space  between  the  tw<r  retaining  walla  can  then  be  filled  by  a 
hydraulic  suction  dredge,  the  discharge  pipe  being  supported 
by  a  cantilever.  This  machine  (Fig.  139),  in  its  present  state 
of  development  probably  represents  the  most  economical  method 
now  in  use  for  excavating  very  large  channels,  unless  the  ladder 
dredge  be  excepted. 

The  following  table  indicates  the  cost  of  operating  a  hydraulie 
suction   dredge   on    the   New    Yerk    Barge   Canal  4n    1008.     The 


Fig.    139.    Hydraulic  Suction   Dredge,  Showing  Discharge  Pipe 
'  Supported  by   Cantilever. 

dredfrc  in  question  is  of  modern  conafruction  has  a  20  inch 
discharge  pipe  and  coat  $115000  A  large  part  of  the  exca\a 
tion  was  in  -ttilT  clav  thou(.h  a  part  wan  in  sand  The  clav 
waa  of  Buch  firm  texture  that  after  remaining  on  the  ground 
over  winter  the  pietex  had  the  (tsrae  ahape  as  when  thev  were 
diaiharged  from  the  end  of  the  pipe  line  still  <ihnuing  the 
mark-*  of  the  (utter  While  remoimg  the  old  rork  wall  of  the 
(.anal  the  dredge  uas  itopj'ed  somVtimes  twenty  times  a  daj 
it  IS  said  for  remrving  bouldern  from  the  pump  Once  during 
the  season  the  dredge  wa«  aunk  to  the  bottom  of  the  <anal 
Otherwise  the  work  wa«  fa\orable  and  the  excaiation  made 
was  representative  of  the  capaiil^  of  the  machine  in  ordinary 
clav  aoil      The  charge  against  plant  is  Intended  to  cover  ffitereat 
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and  depreciation  at   15%   per  annum.    Under   "  Material " 
included  coal  waste,  tug  hire,  and  similar  iteme. 


IMm,                                 April.           Usy.            June.  Jul^. 

L«bor    I3.S705B  t5,189.2»  16,615.75  |  6,835 H 

PUnt     108,30  1.3B7.M         1.BT786  1,73B,M 

MaMrisI    l,9O0.S2  2,G5S.Sg         2,2«3  IS  2.U«.K 

ToUI  for  month  ...t5,97».SI       tS,im.7T  »,56«.Te  110,017,09 

Yurds  excsTBled   120.673          204,833          203,174  307.G2O 

Item.                                                        4ue.           Sapt.  Oct. 

La'bor     I5.SS6.87  M.»93.11  K834.14 

PUnt    1.S31.85         I.«92.g6  1.791. IB 

MBtfUsI     2,32032         2,430.06  2.5T3.50 

Total  for  month    JS,93T.»4       (9.116.01       tB,198.79 

Ysrda    eieavBtad 174,396  231.473  214.438 

Unit  cost  for  the  aeaeon,  4.G3  cente  per  yard. 

An  examination  was  made  of  several  auction  dredges  on  the 
New  York  Barge  Canal  and  of  the  material  excavated  by  them. 
In  only  one  instance  was  the  material  at  all  comparable  with 
that  to  be  excavated  in  building  the  floodway  levees,  and  in 
that  instance  the  material  was  being  removed  at  a  cost  of 
about  2Mi  or  3  cents  per  cubic  yard,  including  all  cost  of 
maintenance,  depreciation,  repair  and  interest.  The  work  planned 
for  this  type  ot  machine  on  the  St.  Francis  project  is  the 
excavation  of  large  ditches  outside  the  flood  ways,  using  the 
earth  foj-  constructing  levees,  and  in  dredging  the  channels  of 
Tyronza  and  Little  rivers.  In  the  former  case  the  work  ia 
estimated  at  10  cents  per  cubic  yard  plus  the  cost  of  clearing 
and  grubbing  the  ditch  section  at  $150  per  acre.  In  the  second 
instance  the  work  is  estimated  at  0  cents  per  yard,  including 
the  cost  of  clearing  banks  to  enable  the  material  to  be  deposited. 
This  dredge  can  be  used  to  advantage  also  for  constructing  two 
or  three  of  the  largest  lateral  ditches,  which  empty  into  ditches 
along  the  flood  way. 

In  Engiiieering-ContTacling,  Vol.  XXXV,  No.  8,  the  following 
description  is  given  of  a  hydraulic  dredge,  its  tenders  and 
capacities,  etc.:  ■ 

This  dredge  was  used  to  fill  in  part  of  the  Lincoln  Park 
extension,  Chicago,  and  was  purchased  in  1907.  It  is  of  the 
open  end  type,  with  a  steel  hull  148  ft.  long  by  38  feet  wide 
and  10!i^  ft.  deep.  The  main  pump  has  30  in.  suction  and 
discharge,  and  the  main  engines  are  of  the  triple  expansion 
marine  type  of  1,200  i.  h.  p.     The  two  double-ended  marine  boilers. 
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10  ft  6  in.  b;  IS  ft.  long,  with  eight  corrugated  furnaces,  were 
fltted  at  the  beginning  of  laft  season  with  underfeed  stokers. 
The  installation  of  engine  room  auxiliaries  includes  condenser, 
independent  air  pump,  independent  circulating  pump,  tire  and 
bilge  pumps  and  an  electric  light  outfit.  The  rotary  cutter  is 
adapted  to  hard  clay  material  and  its  edges  are  of  hard  steel 
and  are  movable.  Two  seasons'  work  have  worn  the  cutting 
edges   tMuHy  and   manganese  steel   will   probably   be   subatituted. 


Fig.   140.     View  of  Pontoon  Discharge  Pipe  Used  in  Connection 
with  the  30-in.  Hydraulic  Dredge. 

The  dredge  is  anchored  by  heavy  apuds  operated  by  power. 
It  can  make  a  radial  cut  of  1T5  ft,  wide  with  a  maximum  depth 
of  35  ft.  The  dredge  is  provided  with  a  complete  repair  ehop 
and  living  quarters  for  the  crew. 

The  pipe  liie  adopted  has  a  central  conduit  30  in.  in  diameter 
carried  by  two  cylindrical  air  chambers  33  in  in  diameter.  The 
sections  are  95  ft.  long  and  are  joined  with  the  usual  rubber 
sleeve.    The  material  excavated  was  very  stiff  gumbo. 

I.     Time  Report  of  Dbedoe  "Francis  T.  Simmons"  fob  1910 


April    . 
Uay    .. 
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II.      ASALYSia    op    VVOBKING    TlMB 

Seplember,   l»la.                                            Hrn.  Uiiis.  Pel, 

DreHee  worked   .'..',.'..'  ,'.'..,.'.,'.'.'.'.,'. '3S1  jii  fls'ii' 

Delays    218  40    ■  36S 

Causee  of  DeUys:                         ■             Hrs.  Muw.  Pet. 

Wedlber B7  5                9Ji 

Short  pipe  31  40                B.IS 

Sucliou  pirw,  pumplDjc  and  pluf;   II  ao                1  Bft 

Ponloon  Hag  31  56                5.W 

SwiUKini  cables   15  iO                2Si 

Uain  engine   S4  4.0 

Spod  en«ine 25                0.(18 

Colter   shaft   ..'i\^'.'.^\'.'.'.\'.V\".\. '.'.'.'.'.'. '.'.'^     '.'.  '-'.'.'. 


III.    Cost  of  Operation  and  Repairs  o 
Time  in  Commission,  4,32i 

OrirrslioD.  Totals. 

Labor    |lJ.S51f.45 

Fuel   17,00I).3B 

Supptiw,  tools,  slBf>«.  oil.  rtc.  .  t.lii'a 
CommiasaiT  labor  and  Euppliea  .  B,ni0.9a 
Field  repairs,  labor  and  material    «.('40.82 

Tub   Ber»ice    13,687.8S 

Derrick    aervice     32729 

Motor  boat  684.flO 

Insurance     3.500.01) 

Winter  repairs  aod  fittinjt  up:  * 

Labor B,MT.8S 

Malarial    2,164.25 

Fuel  commissary  and  too.s   1,02?;  41 

Tui  ■  sprvice   753.08 

Totals: 

Operation     «5.23n.iy7 

Bepaira    ■    9,210.43 

Operation    and    repairs    ...  ,»74.440  4S 

IV.     Four   Yearb'  Operation 

Cubic  yards   451,242*     '  872,815* 

Cost     (54,W1.19'  )SB,(6917* 

Gmt  per  cubic  yard  »0.I18  (0.131 

Hours  In   commis- 

Hinn    a.B'O  Z'.fi 

Hours    pumping..  1,088=37  %  4,B0O=«O,«% 

Houri  delayed  ac- 
count weatber  ..  683-23,2%  636=14.4% 

Hours    delayed, 

miFicellanrMms     ..  U6»-39.8%  1.100=26  % 

Hours  deiajed.  to- 
tal     ■ 1,853=63   %  1,736-39.4% 


JS9,202.32* 
tO-133 

(74:i40.49t 
W.I3(i 

2.117^m'3% 

2:599 

294=  6.0% 

788=IS   % 

880=36.7% 

93S=21.ffV 

1,174=35  7% 

l,7!n=M.8T- 

«t  of  nxl    no,m,M               ti6,050.68          ^1,584.37 

tu.m.3i 

10,03 

The  operating  crew  of  the  dredge  ia  as  follows: 

Per  mo.- 

1  ABsinUnt   chief  enetneer    

,  .  moo 

Commusirr: 

The  following  data  are  for  the  year  1911: 

V.    Time  Repobt  of  Dredge,  1911 

Pumpinn  time,  pereentBge  of  WtBl  time  

^-S 

ToUl  delays,    28,8%.   or    

,,  1,331  J4 

the  working 

■  efficiency  was  TD-S-Tr.  The  dredge  was  started  for  tlip  . 
on  April  15,  during  which  month  the  workinf;  time  waa  65%  of 
the  total.  The  dredge  -went  out  of  commission  November  30. 
The  working  season,  then,  was  IVi  months,  or  62.5%  cf  the  year. 
In  calculating  interest  charges  on  this  equipment,  the  monthly 

100 
interest  must  be  taken  at  1/12  X  t,-  .-  X  annual  interest. 

VI,    Cost  of  Dhedgb  Operation  and  Rep.wrs 
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Pud  117,726.58  O.OM 

auppliea,  tools,  ilwves,  oil,  cCi' 6,78«.e6  0  009 

Comnusbiry.   iBbor    ,.. l.SOO.OD 

Sappliea    6.06T.J7 

ToMl    t  7,6«737  0.010 

Repajra,  labor   t     HS.IS 

SMarial I.SSO.IO 

Derridt    851.59 

ToW!     t  2,877.44  W.0O4 

Towing,  "Ricliard  B,"   f  2.miS 

••  Keyglcno "     K,B12,06 

"HauslPr" 11,455.41 

Tolsl     (19,344.63  |0.02fi 

MIscellaBCDus : 

Teamg    t       K.S3 

laeurance    4,101.51 

Motor  boat   SM.3T 

Scow    senice    27048 

Pile  dclwr    24538  $0,007 

ToU!    t  6,04«.(S  (O.OOT 

Total   operation    $79,213.78  $0,107 

RF.PAIRS 

Labor $  7,057.68  $0,010 

MalBTial     E,74«.6I>  0.008 

FuBl     .■ 468.75  0.0006 

Suppliw    171. B6  0.0002 


Dunham    tuR    76.00 

■■Richard    B." 485.69 

"Keyalone"     174.07                                    ; 

"  Huniler "     201.63                                   | 

Total     $     937.29  $0,0012 

Miai-cllsnFOuH  trams  and  iiile  driver   147,55 

Derrick $     357.46 

Total     .$     605.01  $»J)007 

Grand   toUl,  repairs $15,712.62  $0,021 

Total  operation  and  repaira 94,926.40  0.129 

During  the  ohiboii  do  repairs  iuvolvii^  any  extended  lose  of 
time  were  neeeasary,  Tliere  was  no  Iobs  of  time  due  to  the 
main  pump  and  only  214  hours  on  account  of  repairs  to  Ibr 
main  engines.  A  short  connecting  section  of  cast  iron  in  the 
discbarge  wae  worn  through  and  replaced  with  cast  steel.  The 
east  steel  pump  casing  and  eil>ows  sliow  ver;  little  wear. 

The  pontoon  pipe  wan  lined  with  an  auxiliary  wearing  Iinin<! 
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covering  the  bottoin  third  of  the  pipe.  This  %-incli  sheet  was 
worn  and  was  replaced  for  tlie  1012  aeaEOn'a  work.  The  rubber 
sleeves  joining  the  iectiona  of  the  discharge  pipe  gave  fairlj 
good  service.  Tlie  average  life  of  a  sleeve  was  41  days;  but 
eliminating  those  sleeves  which  were  damaged  due  to  the  condi- 
tion of  the  pontoons,  the  average  life  of  a  Hieeve  was  54  iaye. 
The  cutter  blades  required  to  be  renewed  each  year. 

Cott  of  Dredge.  The  following  table  givea  the  list  of  items 
which  together  make  up  the  cost  of  the  dredge  as  it  was  put  in 
operation  in  IDIO: 

Engineering,  jilBnn,  inspection,  etc.   t    !l,81«.45 

Contr«ct  (190rt  with  2.00»  !t.  pDntooas   161,402Jl» 

Terminal  pontoon  ecow  (1907)   1227.S8 

8  Jonei  underTeed  atokers  (IMIS) 6.7IIU.IM) 

t  Pontoons  a»08)   10,185,09 

Miscellaneoue    M4.04 

Tot»l I180,BI».5fl 

Cost  or  Tendees 

A  motor  boat  costing  51,150  was  used  for  transportation  of 
the  men,  etc.  One  hundred  and  forty-six  days  of  its  time,  at  a 
coat  of  $4,00  per  day,  were  charged  to  the  dredge. 

A  hydraulic  dredge  was  employed  in  the  harbor  improvements 
at  Wilmington,  Cat.  The  following  statement  shows  the  cost 
of  dredging  from  April  1  to  June  30,  1905: 

Routine  office  work,   latjor  I     673  33 

Care  of  plnnt  and  property,  Uibor  ISn.ffl) 

Surreys,  lalior  and  supplies   iS5«3 

Towing  and  dixpatch  work,  labor,  [uel  and  supplies. ...  SIS.OO 
Allerationa  and    repairs   to   dredging   plant,    labor    and 

material 2,432.52 

Operating  dredge,  including  suiieriniendence  and  iabor 
fbsra«e,    fuel,   frcab  water,  tnbrlcanla,   and  all   other 

auppliea 10,084.64 

,      DeterioralioD  of  plant  and  property,  ehClinaled 1.2SSM 

Cost  per  cubic  yard,  $0.0708. 

In  addition  to  the  hydraulic  dredge,  the  following  auxiliary 
Itoating  plant  is  employed:  A  gasoline  launch,  length  over  all 
.10  ft.  11^  in.,  7  ft.  beam,  depth  3  ft.  7  in.,  propelled  by  a  16  hp. 
"  Standard  "  engine.  Also  nine  pontoons,  each  35  ft.  x  10  ft.  i  3 
ft;  15  pontoons,  each  21  ft.  3  in.  x  10  tt  x  3  ft;  one  water  boat, 
34  ft  9  in.  X  10  ft  X  4  ft  6  in.:  one  oil  boat,  34  ft  9  in.  x  10 
ft.  s  4  ft  0  in.;  one  derrick  boat,  2!)  ft.  6  in.  x  10  ft  7  in.  x 
3   ft.    10   in.     The   original    coat   of   the   dredging   plant   was   as 
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ao  inth  Buclion  dredge  199,45 

Gasolmi'    l«nnrh 1,7S 

DiM-harg*  jjiiw  line  tor  dredge  3.02 

RuLb.T   Bl»e»-8    1,!7 

Ponloons  and  burgfa    6.50 

Skiffs     15 


On  the  Chirai-o  canal  two  dredges  were  us«d,  whtcli  are 
deseribed  in  Engineering  flews,  September  0,  1894.  Each  dredi;e 
was  equipped  with  a  S-inch  centrifugal  pump  and  a  250  hp. 
en<;ine.  The  discharge  pipe  was  18  in.  in  diameter,  made  in  33  ft. 
lengths,  coupled  with  rubber  hose  held  b^  iron  clamps.  Each 
dredge  averaged   1,732  yards  in   10  hours. 


Fig.   141.     20-inch  Hydraulic   Dredge  Designed  and  Equipped  to 

Work  on  New  York  State  Barge  Canal.  This  Dredge  Has 
Delivered  45«,000  Cubic  Yards  in  One  Month  and  Cost  S76,- 
000,  Not  Including  Pipe  Line  or  Pontoons. 

In  Engineering  Xewa,  October  30,  1002,  Mr.  John  Bogart,  In 
charge  of  the  Mnxwna  (N.  Y.)  canal,  given  the  cost  of  operatinR 
two  dredges.  Dredge  No.  1  cost  $40,000.  It  had  a  I2-iiicli 
wrought  iron  discharge  pipe,  a  rotary  cutter,  and  a  centrifugal 
pump  driven  by  a  l.idgerwood  compound  condenning  engine,  of 
125  hp.  It  lifted  the  material  30  feet  above  the  water  and 
diseharged  it  through  a  2,000-foot  pipe.  The  dcplh  of  cut  was 
22  feet  below  the  water  surface,  llie  output  averaged  1,125 
yards  in  22  hours,  at  a  coat  of  $95.80,  or  8<,^  cents  per  yard. 
Dredge  No.  2  coat  ¥60,000.     Its  discharge  pipe  was  IS  inches  in 
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diameter.  The  output  averaged  1^64  cubic  yards  at  a  coat  of 
^145,  or  9.4  cents  per  yard. 

Engineering  amd  ContToctin-g,  May  15,  1918,  gives  th«  follow- 
ing on  the  construction  of  18,000  ft.  of  42  ft.  top  width,  21  ft. 
high  embanktuent  by  the  hydraulic  dredge  method.  The  ap- 
proach emhankmenta  to  the  Columbia  River  Interstate  bridge 
were  constructed  \s^  the  hydraulic  dredge  method.  The  embank- 
ments have  a  total  length  uf  about  1S,000  ft.,  an  average  height 
of  about  21  ft.  and  aide  slopes  of  2  to  1.  The  Hayden  Ave. 
embankment  1,480  ft.  long  and  tbe  main  approach  to  Union  Ave. 
are  42  ft.  wide  on  top.  The  embankment  of  the  secondary  ap-' 
proach  to  Derby  St.,  5,800. ft.  long,  has  a  top  width  of  40  ft. 
The  Vancouver  approach  embankments,  total  length  500  ft.,  have 
top  widths  conforming  to  the  streets  occupied. 

The  embankment  for  the  Union  Ave.  approach,  having  a  total 
net  volume  of  821,000  cu.  yd.,  was  placed  in  .IfiO  days  or  at  the 
rate  of  about  5,000  eu.  yd.  per  day.  The  material  was  excavated 
from  the  Oregon  Slough  by  means  of  a  suction  dredge  with  a  cut- 
ting head  and  was  transported  to  place  by  being  pumped  through 
a  line  ot  pipe  24  inches  in  diameter.  The  operation  was  by 
electric  power  and  the  main  pump  on  the  dredge  was  operated 
In-  two  500  hp.  motors.  The  pump  was  of  capacity  to  give  a 
discharge  through  the  24  inch  pipe  at  a  velocity  of  from  12  to  15 
fl.  per  second.  Operations  continued  24  hr.  per  day  during  the 
time  specified  and  the  dredge  was  actually  running  about  14  hr. 
per  day.  For  periods  of  a  few  hours  at  a  time  the  dredge 
pumped  as  rouch  as  1,000  cu.  yd.  per  hr.  There  was  of  course 
a  very  considerable  run-off  of  sand  from  the  embankment,  as  well 
Bs  a  certain  amount  of  fine  material  which  flowed  away  with 
Ifae  wast«  water,  and  it  is  estimated  that  about  250,000  cu.  yd. 
more  than  tbe  above  net  amount  was  transported.  The  dis- 
charge pipe  line  was  extended  to  a  length  of  about  5,500  ft, 
M'orking  from  the  dredge  alone.  For  greater  distances  a  booster 
pump  was  installed  in  the  line  to  give  greater  impetus.  This 
purop  was  operated  by  a  single  1,000  hp.  motor  operating  with 
considerable  overload.  The  dredge  and  booster  pump  together 
Iransported  through  a  maximum  length  of  9,000  ft.  of  pipe. 
Sucb  long  distance  dredging  into  an  embankment  so  compara- 
(ively  narrow  and  high  is  believed  to  mark  a  record  for  work  of 
Ihis  character.  The  pipe  was  of  the  ordinary  riveted  variety  with 
slip  joints  made  of  7  gage  material  on  the  pontoons  and  of  10  gage 
traterial  elsewhere.     It  was  moved  about  by  teams  and  wagons. 

The  embankment  was  formed  by  the  use  of  timber  bulkheads. 
These  were  built  of  6  by  8-in.  posts,  about  10-ft.  centers,  support- 
tnji  2  by  12-in.  sheathing,  surfaced  both  edges.     The  sides  of  the 
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embankment  nere  built  up  t^  these  means  in  steps  8  ft.  wide  and 
4  ft.  high.  The  flitit  bull(heads  were  placed  upon  the  natural 
ground  surface  by  driving  in  the  6  by  8-in.  posts  with  a  hand 
maul  and  setting  the  lower  plan):  into  a  small  trench  so  that  the 
bulkhead  sheathing  extended  perhaps  8  to  12  in.  below  the 
ordinary  ground  surface.'  When  the  tiand  had  been  filled  in  about' 
the  top  of  such  first  bulkheads,  posts  for  succeeding  bulkheads 
were  set  in  place  and  tiie  lower  plank  placed  so  that  it  extended  i 
about  12  in.  below  the  top  of  the  first  bulkhead  helow.  These  ' 
poata  were  tied  back  into  the  embankment  by  2  by  6-in.  ties 
spiked  on  near  the  top  of  each  post  and  extending  back  to  a 
abort  post,  in  front  of  which  were  placed  a  few  pieces  of  lagging 
to  offer  additional  resistance.  The  pipe  was  laid  to  discharge  into 
the  middle  of  the  embankment  and  was  carried-  forward  from 
the  river,  bringing  the  embankment  up  to  the  final  grade  and 
working  away  from  the  dredge.  A  framework  of  baffleboards  was 
placed  under  the  discharging  end  of  the  pipe,  causing  the  water 
to  spread  out  and  apill  over  the  ground  below  and  run  forward, 
distributing  the  different  sizes  of  material  as  the  velocity  de- 
creased. At  some  convenient  low  point  there  was  provided 
an  outflow  down  the  side  of  the  embankment  for  which  the 
steps  of  the  embankment  were   paved  with   plank  to  prevent 

The  methods  of  constructing  the  bulkheads  and  of  the  dis- 
charge arrangement  are  shown  by  the  accompanying  illustration. 
After  sections  of  the  finished  embankments  became  thoroughly 
drained  as  the  work  proceeded,  the  posts  of  the  bulkheads  were 
cut  away  and  the  planks  removed  and  carried  forward  for  re- 
peated use.  Parts  of  the  posts  and  of  the  2  by  6-in.  ties  therefore 
remain  in  the  embankment.  The  finishing  of  the  slopes  was  done 
by  hand  with  shovels,  and  the  successive  steps  were  so  located 
that  the  upper  corner  of  each  step  filled  into  the  lower  comer  of 
the  step  below,  to  provide  the  proper  slope.  Tbe  actual  pumping 
and  transportation  of  the  sand  in  the  hands  of  the  contractors 
were  the  simplest  parts  of  the  work,  and  they  found  it  economical 
to  permit  a  very  considerable  wastage  of  material  where  such 
waata^jc  saved  in  the  construction  of  bulkheads. 

The  secondary  approach  to  Derby  St.  was  constructed  in  a 
similar  manner  by  an  electrically  operated  suction  dredge  with 
20-in.  diameter  pipe  equipment.  The  maximum  distance  the 
material  was  carried  was  about  0,500  ft.  This  embankment  con- 
tained about  615,000  eu  yd. 

The  embankments  were  constructed  by  the  Tacoma  Dredging 
Co.,  the  unit  price  for  the  Hayden  Ave.  and  Union  Ave.  approach 
being  13.24  ct.  per  cubic  yard;  the  price  for  the  Derby  St  ap- 
proach was  10.48  ct.  per  cubic  yard.     J.  L.  Harrington  and  E.  E. 
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Howard  were  ConBulting  Engineers  for  the  bridge.  The  matter 
given  above  is  abetrai^ted  from  their  final  report. 

Selection  and  OperatioiL  of  Sredgii^  Equipment.  The  follow- 
ing notes  have  been  abetracted  from  a  reprint  of  some  admirable 
articles  in  Engineering  Record  which  were  called  to  the  attention 
of  the  author  b.v  the  writer.  Mr.  Shaw'a  notes  on  the  handling 
of  dredges  should  be  read  carefully  by  every  one  undertaking 
work  of  this  character.  Certain  well -developed  types  of  dredges 
will  work  economically  under  a  coneiderable  range  of  conditions, 
but  there  is  no  one  machine  which  is  best,  suited  to  all,  or  even 
to  most  conditions. 

This  discussion  of  various  types  of  equipment  and  the  power 
plants  used  to  operate  them  is  confined  principally  to  those 
used  in  the  reclamation  of  lands  in  the  lower  Mississippi  delta. 
The  types  considered  are  dipper  dredges,  orange-peel  and  clam- 
shell  dredges,  hydraulic  dredges  and   dragline   dredges. 

In  a  number  of  cases  moderately  large  dredges  have  been 
moved  intact  over  considerable  distances  across  land,  but  the 
writer  has  jet  to  learn  of  any  individual  owner  who  has  made 
such  an  experiment  and  who  is  ready  to  attempt  it  a  second 

The  greatest  variatioD  in  the  details  of  floating  dipper  dredges 
is  found  in  the  types  of  spuds  uaed,  in  the  manner  of  raising 
and  lowering  the  spuds  and  in  "  pinning  up."  There  are  two 
general  tj'pes  in  common  use  —  the  vertical  and  the  bank  spuds. 
Vertical  spuds  are  comparatively  simple,  are  adaptable  to  a 
wide  range  of  depth  and  are  independent  of  the  width  of  canal. 
They  are  usually  raised  and  lowered  by  independent  engines, 
either  by  means  of  cables  or  by  compound  gears  engaging  a 
heavy  rack  which  is  attached  to  the  spud.  Cables  are  now  quite 
generally  preferred,  though  the  rack  is  still  in  common  use  and 
is  preferred  by  some.  Neither  type  has  any  marked  advantage 
in  the  matter  of  simplicity.  The  cable  system  has  one  con- 
siderable advantage  in  that  it  permits  setting  the  engines  far- 
ther aft,  where  they  can  be  more  easily  attended  to  by  those 
having  the  care  of  the  main  engines. 

The  power  for  raising  spuds  on  some  dredges  is  compounded 
by  means  of  worm  gears,  but  the  writer  considers  a  worm  gear 
a  necessary^  evil,  to  be  tolerated  on  some  machines  but  never  on 

Bank  spuds  give  greater  stability  to  the  hull,  being,  as  their 
name  implies,  set  out  on  the  Ijerm  or  bank.  They  permit  the 
u»e  of  a  much  longer  boom  on  a  dredge  of  given  width  than  is 
possible  by  the  use  of  vertical  spuds.  On  some  machines  the 
bank  spuds  act  as  an  outward  support,  the  strain  being  carried 
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to  the  hull  b;  a  well-braced  structure  acting  as  a  beam.  In 
other  cases  the  Btrain  is  transferred  direct  to  the  top  of  the 
A-frame.  That  portion  of  the  spud  which  rests  on  the  bank 
is  in  the  form  of  a  plank  platform,  and  for  work  in  soft  material 
theae  platforms  are  extended  so  as  to  cover  a  considerable  area. 
In  some  cases  these  platforms  are  hmged  aloDg  the  center  ao 
that  they  may  he  more  easily  raised  out  of  sticky  material. 
One  of  the  principal  objections  to  bank  spuds  is  that  they  often 
crush  down  the  berm,  inducing  slides  in  the  levee  or  waste  bank. 
It  is  impracticable  to  use  bank  spuds  in  wide  canals  or  open 
water  of  any  considerable  depth. 

Owing  to  the  powerful  thrust  of  the  dipper  acting  in  various 
directions,  the  rigid  bracing  of  spuds  and  fastening  of  all  spud 
connections,  whether  of  the  vertical  or  bank  type,  are  most  im- 
portant. 

Comparison  with  other  types  of  dredges  is  mo«t  favorable  to 
the  dipper  type  when  working  in  hard,  compact  material  such  as 
cemented  gravel  and  ledge  rock.  It  is  usually  preferred  for  dig- 
ging through  heavily  timbered  country,  especially  through  trees 
having  large  tap  roots.  Its  ability  to  bring  a  tremendous 
amount  o(  power  Ui  bear  at  a  single  point  contributes  to  its 
popularity  in  heavy  timber  wortc.  Whenever  possible,  however, 
all  large  stumps  should  be  loosened  and  shattered  before  the  dredge 
reaches   them. 

Dredges  are  designed  for  handling  earth,  and  there  is  no 
economy  in  dehiying  and  overstraining  them  in  grubbing  stumps 
when  it  is  reasonably  practicable  to  i^move,  or  at  least  loosen, 
the  stumps  by  other  means.  In  soft  ground,  blowing  stumpn 
entirely  out  of  the  ground  should  not  be  attempted,  as  the  gronnd 
beneath  them  does  not  afford  sufficient  resistance  to  make  this 
possible  without  an  excessive  cost  for  dynamite.  A  better  plan 
is  to  bore  a  hole  into  the  stump  and  place  the  explosive  where 
its  shattering  elTect  will  be  the  greatest. 

Hard  gravel  and  rock  should  be  blasted  ahead  of  the  dredge 
even  though  it  may  be  possible  to  make  some  progress  without 
first  loosening  the  material.  Dipper  dredges  equipped  with 
crowding  engines  on  the  boom  and  with  special  teeth  on  the 
bucket  will  make  fair  progress  without  preliminary  blasting  in 
soft  limestone  rock  which  is  in  fairly  thin  layers.  It  jviU  usually 
be  found  more  economical,  however,  to  do  some  preliminary  blast- 
ing in  all  such  material. 

Loss  of  time  frequently  occurs  in  the  use  of  a  dipper  dredge 
by  the  jamming  into  the  bucket  of  a  large  stump  or  boulder, 
though  a   skillful  operator  will  seldom  permit  this  to  occur. 

In  mucky  soila  dipper  dredges  often  disintegrate  the  material 
to  such  an   extent  that  much  of  it  is  carried  in   suspension   in 
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the  canal  for  sererBl  hours,  to  be  liepoeiUd  later  in  the  bed  of 
the  cansl  and  materially  reduce  the  eection.  In  the  very  soft 
trembling  prairies  of  eouthem  Tx>uisiBna  this  will  ocrur  to  a 
certain  extent  with  any  type  of  dred|[e,  but  is  most  noticeable 
with  dipper  and  dragline  machines,  which  require  a  long  move- 
ment of  the  bucket  in  filling-. 

Variationa  in  mounting  and  tnethods  of  moving  are  much  the 
same  with  grab-bucltet  dredges  as  with  the  dipper  typei  Spuds 
are  uaually  cable -operated.  The  spuds  are  used  as  anchors  only, 
since  there  is  less  neceflsity  for  pinning  up  a  dredge  with  this  class 
of  machinery.  For  levee  construction  and  other  classes  of  work 
on  which  the  bulk  of  the  material  is  to  be  dumped  to  one  side  of 
the  eiTcavation,  gravity  swing  outfits  are  preferred  on  account  of 
their  simplicity,  low  first  cost  and  economy  of  operation. 

Orange-peel  and  clamshell  buckets  are  most  efficient  In.  handling 
j^avel,  sand  and  soft  material,  though  boulders,  pig  iron  and 
blasted  ledge  rock  are  handled  economically  by  the  larger,  three- 
bladed  orange.peels  of  extra.heHvy  construction.  In  hard,  packed 
sand  the  clamshell  is  most  suita.ble,  as  it  gathers  its  load  by  the 
scraping  action  of  the  blades.  In  hard  digging  teeth  are  placed  on 
the  edges  of  clamshell  buckets  for  loosening  the  material. 
Though,  owing  to  the  large  number  of  wearing  parts,  repairs  are 
frequently  required  with  grab  buckets,  they  are  readily,  made, 
usually  by  the  substitution  of  small  bushings  and  pins.  A  lib- 
eral supply  of  these  repair  parts  should  be  kept  in  stock.  It  is 
usually  found  most  economical  to  keep  an  extra  bucket  on  hand 
so  that  at  least  one  may  be  in  perfect  condition  at  all  times. 

Orange-peei  buckets  are  preferred  to  elamsbellB  for  digging 
stumps,  widening  canals  and  other  work  where  if  is  necessary 
for  the  bucket  to  fill  on  irregular  surfaces  or  grab  hold  of  mate- 
rials of  varying  density.  For  digging  stumps  other  than  those 
having  large  tap  roots  the  orange-peel  dredge  of  large  size  is 
fully  equal  to  any  other  type.  Its  ability  to  dig  on  all  sides  of 
a  stump,  tearing  loose  each  individual  main  root,  makes  up  for 
its  lack  of  the  great  lifting  and  shoving  power  of  the  dipper 
dredge. 

While  not  well  adapted  to  digging  hard  sand,  the  orange-peel 
bucket  may  be  used  in  such  material  with  moderate  success  if 
properly  handled.  To  insure  economical  loading  the  bucket 
should  be  dropped  into  the  pit  in  a  partly  closed  position,  the 
blades  being  held  as  nearly  vertical  as  practicable.  After  drop- 
ping, the  closing  line  should  be  overhauled  slightly  and  released, 
repeating  this  operation  an  many  time*  a'  may  be  necessary  to 
load  the  bucket.  It  is  not  usually  feasible  to  secure  a  full  load 
by  this  method,  nor  is  this  desirable,  as  the  "  suction "  In  such 
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material  is  ao  great  that  it  is  almost  impossible  to  break  loose 
with  a  full  bucket  of  packed  sand. 

Though  careless  manipulation  of  dredges  of  any  type  when 
working  in  soft  muck  will  stir  up  the  material  in  much  the  same 
manner  as  will  a  dipper  dredge,  grab  buckets,  if  intelligent  If 
handled,  will  excavate  such  material  much  better  than  any  other 
bucket  dredge.  When  working  in  material  easily  carried  in  sus- 
pension by  the  water,  the  bucket  should  not  be  permittpd  to  bury 
itself  in  the  bottom  of  the  canal,  but  sbogid  be  held  by  the 
"  standing  line,"  so  that  it  will  load  with  only  such  material  as 
it  can  take  out  of  the  canal.  Overloading  and  consequent  drop- 
ping of  broken  material  beck  into  the  water  is  the  cause  of  most 
of  the  lofla  in  section  through  sedimentation  of  canals  dug  by 
grab  buckets.  In  cleaning  out  old .  canals  which  have  become 
partly  filled  with  fine  ooze  especial  care  is  necessary  to  insure 
tight  closing  of  the  backet.  In  the  tough  muck  and  Sharkey  clay 
which  are  typical  of  the  lower  Minsissippi  delta  grab  buckets 
may  be  loaded  30%  to  40%  beyond  their  rated  capacity  without 
danger  of  any  considerable  portion  of  the  load  dropping  off. 

Until  quite  recently  most  of  the  river  levees  on  the  lower 
Missisaippi  were  built  by  wheelbarrow  or  team  work.  These 
methods  are  now  largely  superseded  by  land  dredges  and  by  tower 
and  cable  rigs,  though  a  few  floating  dredges  are  also  used.  As 
the  material  for  building  these  levees  is  taken  from  the  river  side 
and  land  equipment  cannot  be  operated  excepting  during  moder- 
ately low  stages  of  the  river,  the  working  period  ia  reduced  to  a 
few  months  of  each  year.  It  would  seem  as  though,  by  making 
a  slight  modification  in  the  specilicationa  for  the  con'^truction  of 
these  levees,  it  would  be  possible  to  use  floating  dredges  with 
extra-long  booms  for  a  large  pifrtion  of  such  work. 

It  is  seldom  that  a  dragline  dredge  ia  mounted  on  a  barge,  as 
its  operation  tends  to  form  a  mud  roll  ahead  of  the  bucket  which 
cannot  easily  be  removed  excepting  as  the  machine  backs  away 
from  its  work.  Dragline  machines  are  moved  on  rollers,  trucks 
or  caterpillar  treads.  The  "whirler"  type  is  usually  preferred, 
as  it  can  reach  back  for  sections  of  track  which  have  been  passed 
over  and  transfer  them  ahead.  An  excellent  type  of  track  for  a 
heavy  skid  excavator  operating  on  soft  ground  is  described  by 
D.  W.  O'Bannon  in  the  Excavating  Engineer  for  July,  1016. 

The  dragline  machine  baa  a  marked  advantage  over  other  types 
in  that  it  can  handle  a  larger  bucket  for  a.  given  power  unit  than 
any  other  bucket  dredge.  Little  if  any  lifting  force  is  required 
while  the  bucket  is  Ailing,  and  the  power  for  loading  is  applied  in 
nearly  a  direct  line  from  the  winding  drum,  thus  making  it  pos- 
-■'ble  to  exert  practically  the  entire  power  of  the  engine  in  filling 
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»nd  cutting  through  obstructions.  The  dragline  embodies  many 
of  the  advantafces  of  both  grab-bucket  and  dipper  dredges,  with 
some  of  their  disadTsntages,  as  well  a»  Bome  peculiar  to  itself. 
It  can  dig  around  a  etump  in  much  the  same  manner,  though  not 
BO  well,  as  an  orangC'peel  and  can  brinn  great  power  to  bear  at 
a  single  point  in  an  effort-to  overturn  the  atump.  Large  stumps 
cannot  be  lifted  clear  of  the  pit  without  the  use  of  chains,  and  in 
malting  an  extra  hard  pull  there  ia  always  prenent  the  danger  of 
overtuminjf  the  machini:  or  of  pulling  it  from  its  supports. 

Thexe  tnachitii^  will  handle  almost  enj  material  that  can  be 
excavated  by  a  dipper  dredge.  The.i/  are  not  tcell  adapted  for 
digging  soft  material  lohich  teashfa  eatily.  The  stirring  action 
is  much  the  same  ae  that  of  the  dipper  dred!?e  and  the  bucket  is 
not  eo  well  able  to  retain  the  material.  Ohserration  of  a  dragline 
machine  engaged  in  excavating  material  deposited  by  a  sluggish 
current  in  sn  old  canal  showed  that  the  bucket  was  takini^  out 
only  about  30%  of  its  rated  capacity  at  each  load.  In  suitable 
material,  however,  it  will  load  ronsiderably  beyond  the  rated  ca- 
pacity. Under  Hkillful  manipulation  a  dra£;line  machine  is  capa- 
ble of  dressing  off  a  levee  much  better  than  con  be  done  by  any 
other  type  of  bucket  machine. 

IJydraulic  dredgee  are  often  preferred  for  interior  canal  con- 
struction on  account  of  their  ability  to  spread  the  excavated 
material  over  a  wide  area,  thus  avoiding  waiiteful  and  unsightly 
banks.  They  are  not  often  used  for  levee  building  on  reclamation 
projects,  though  they  have  been  so  employed  with  good  results. 
The  preferred  method  in  cutting  new  canals  is  to  make  a  first  cut 
with  a  small  bucket  dredge,  dumping  the  material  in  about  equal 
quantities  on  either  side,  to  form  a  barrier  which  prevents  the 
material  excavated  by  the  hydraulic  dredge  from  flowing  back 
into  the  cana^  In  other  cases  a  small  hand  built  levee  serves  the 
same  purpose.  A  levee  or  riil''e  of  eod  2  ft.  in  height  will  usually 
retain  the  discharge  from  a  12-in.  hydraulic  dred[;e,  provided  the 
point  of  discharge  is  3(1  ft.  or  more  beyond  the  levee.  For  canals 
having  a  section  much  in  excess  of  10  yd.  per  linear  foot  a  larger 
levee  wilt  be  required. 

Suction  dredges  are  subject  to  delays  through  the  stoppage  of 
suction  pipes  and  pumps  from  grass,  roots  and  other  debris, 
though  the  larger  sizes  are  seldom  troubled  by  anything  smaller 
than  stumps.  Nothing  less  than  a  10-in.  pump  should  be  used 
for  work  of  this  class,  owing. to  frequent  stoppage  of  the  suction 
line,  while  the  very  large  sizes  are  usually  unsuitable  because 
they  require  eo  large  a  hull  that  they  cannot  be  used  in  the 
smaller  canals.  A  12'in.  dredging  pump  with  all  necessary  equip- 
ment can  be  mounted  on  a  barge  24  x  80  ft ,  which,  will  be  founi' 
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suitable  for  digging  30'ft.  canals  —  a  common  site  for  the  smaller 
systems.  A  12-in.  pump,  equipped  with  a  suitable  cutter,  will 
pass  a  surprising  amount  of  solid  articles.  In  cleaning  out  the 
Chalmette  slips  below  the  city  of  New  Orleans  a  solid  cannon 
ball  from  the  Chalmette  battlefield,  pieces  of  ship's  rigging  and 
various  other  brIc-a-brac  were  brought  out  by  the  suction  dred^s. 

The  greatest  variation  in  these  dredges  is  found  in  their  cutter 
heads, .  their  design  and  speed  of  rotation  being  dictated  by  the 
character  of  the  material  excavated.  In  .hard,  gravelly  material 
a  rugged  cutter  head  is  required  which  wilt  produce  the  maxi- 
mum agitation  in  the  material.  In  the  muck  and  soft  clay  soils 
of  the  lower  MtssUsippi  delta,  on  the  other  hand,  a  slicing  action 
of  the  blades  secures  better  results,  especially  if  combined  with 
only  moderate  speed  of  rotation. 

The  effective  work  of  a  hydraulic  dredge  depends  to  a  great 
extent  on  the  percentage  of  solids  discharged.  This  percentage 
will  drop  with  a  dull,  sickening  thud  if  the  dredge  is  operated 
carelessly  or  if  it  is  not  equipped  so  that  the  cutter  head  may  be 
kept  close  up  to  the  work  and  so  regulated  that  it  will  not  clog. 
In  deep  excavations  care  must  bo  used  to  prevent  undercutting  to 
such  an  extent  that  heavy  material  can  drop  down  onto  the  ladder 
and  cutter  head  and  choke  the  pump  or  wreck  the  end  of  the 
ladder. 

.  Hydraulic  dredges  for  canal  excavation  should  be  equipped  so 
that  they  will  discharge  normally  through  a  Y  connection  on 
both  sides  of  the  canal.  The  point  of  discharge  should  be  not 
less  than  50  ft.  beyond  the  side  of  the  hull,  the  pipes  being  sup- 
ported by  gallows  frames  or  A-frames  with  cables.  Each  dis- 
charge should  be  equipped  with  a  valve  so  that  it  can  be  closed 
temporarily  for  passing  obstructions  or  intersecting  canals. 
Where  growing  crops  or  other  improvements  do  not  prohibit  (he 
discharge  of  water  and  mud  over  adjacent  lands  hydraulic  dredges 
are  preferred  to  any  other  type  for  cleaning  out  old  canals  which 
have  lost  much  of  their  original  section  through  sedimentation. 

Suction  dredges  may  handle  stumps  by  first  undermining  and 
then  dragging  them  out  with  a  line  from  a  winch  head  on  board 
the  dredge.  Although  ntumps  may  be  taken  out  in  this  manner 
this  type  of  dredge  cannot  be  operated  economically  in  a  heavily 
timbered  area. 

Most  of  the  power  problems  in  dredge  operation  and  design  are 
common  to  all  the  classes  of  equipment  described.  Heretofore 
steam  power  has  been  used  almost  exclusively,  the  smaller  dredges 
being  equipped  with  the  simplest  type  of  slide-valve  hoisting  en- 
gines. Hydraulic  dredges  have  usually  employed  a  better  grade 
of  engine  in  their  main  power  unit.  C  ,iH";[c 
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Great  difficulty  ie  experienced  near  the  coast  io  securing  suit- 
able boiler -feed  water.  The  unlimited  uae  of  raw  water  from  the 
ranale  results  in  expensive  delays  and  repair  bills  through  the 
rapid  deterioration  of  boilers,  steam  piping  and  engines.  This 
trouble  is  reduced,  though  not  elimin&ted,  hy  the  use  of  con' 
denser^.  A  dredge  equipped  with  a  complete  salt-water  outfit, 
including  condenser,  circulating  and  vacuum  pump  and  a  high- 
speed evaporator,  was  conntrut^ted  liy  the  writer  in  one  instance 
for  use  in  waters  which  were  exceptionally  bad.  This  plant  baa 
now  been  in  ntiarly  continuous  operation  for  three  years  with 
no  serious  delays  from  the  steam,  end  of  the  outfit.  Although 
the  steam  auxiliaries  eoet  nearly  the  same  as  the  boiler  itself,  it 
appears  by  comparing  the  operation  of  this  dredge  with  that  of 
others  operating  in  the  same  water,  but  not  similarly  equipped, 
that  the  extra  equipment  haa  paid  for  itself  several  times  over. 

The  intermittent  but  frequently  excessive  demands  for  steam  on 
moxt  types  of  dredges  makes  it  necessary  that  an  ample  capacity 
for  producing  dry  steam  should  be  provided.  Condensers,  evap- 
orators and  steam  separators  are  an  aid,  but  nothing  will  fully 
make  up  for  a  deficiency  in  boiler  capacity.  Foaming,  due  to 
overcrowding  the  boilers,  especially  when  supplied  with  poor 
water,  reduces  the  available  power  of  engines,  carries  away  the 
lubrication   and   contributes   to   a  large  extent   to  engine  break- 

Another  factor  in  limiting  the  power  supply  is  curtailment  of 
draft  through  the  unnecessary  abbreviation  of  the  stack.  There 
is  no  reason  why  the  average  floating  dredge  should  not  carry  a 
smokestack  more  nearly  approximating  the  length  established  as 
good  practice  in  other  lines  of  steam  engineering.  In  spite  of 
this  fact  it  is  not  uncommon  to  see  an  SO  or  100-hp.  dredge  boiler 
supplied  -with  a  20-ft.  stack.  The  design  of  the  stack,  however, 
should  be  based  on  the  coal  burned  per  hour  rather  than  on  the 
rated  horsepower  of  the  boiler,  which  should  be  considerably  in 
excess  of  the  theoretical  requirements. 

The  accompanying  table  illustrates  the  writer's  ideas  as  to 
suitable    proportions    for    a    l',i-yd.    orange-peel,    gravity -swing 


Width  of  bull  36  ft 

Leo«h  of  hull  SO  n 

Depth  of  hull  e  (I 

Length  , of  boom  75  ft 

Spread  of  rnnin  drams li  ft 

DsubleHiy Under   nula   engine   lOilSln 

Boiler    80  hp 

Diameler  of  atsck  £7  in 

Height  of  rtscV    : 50  ft 
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dredge  designed  for  a  given  reach  of  SO  ft.  from  the  side  of  the 
escavation.  These  proportions  contemplate  setting  the  machinery 
down  in  the  huli.  If  set  on  deck,  it  would  be  ad\-it)able  to  in- 
crease the  diameter  of  stack  to  30  in.  and  reduce  the  height  to 
40  ft.  Such  an  outflt  should  operate  on  a1x>ut  300  lb.  of  coal 
per  hour. 

GraTitj  swing  dredges  may  be  operated  satisfactorily  by  sing:le, 
constant-speed  engines,  the  speed  of  hoisting  lines  and  other 
operations  being  regulated  by  the  slipping  of  friction  clutches. 
The  control  of  hoisting  speed  by  the  slipping  of  frictions  is  con- 
sidered by  many  as  wasteful  and  unsatisfactory,  but.with  a  prop- 
erly designed  device  it  has  ijeen  found  satisfactory,  especially  on 
machines  of  moderate  size.  For  such  service,  the  friction  blocks 
should  he  of  generous  dimensions  and  turned  true  so  that  there 
will  he  complete  contact  over  a  large  area.  Maple  seems  to  be 
preferred  for  friction  blocks  by  manufacturers  of  dredging  and 
hoisting  machinery,  but  the  writer  has  secured  better  results,  at  a 
smaller  cost  by  using  well-seasoned  black  gum.  Any  good  pat- 
tern maker  can  turn  out  a  satisfactory  set  of  blocks  if  given  an 
accurate  set  of  drawings  to  work  from.  A  small  gravity  swing 
dredge  has  been  operated  from  a  constant- speed,  interna! -combus- 
tion engine  for  a  period  of  ovep  three  months  without  renewal  of 
the  black  gum  friction  blocks  used  in  controlling  the  main  hoist- 
ing drums. 


c.Googlu 
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Hand  Hammer  Drills  adapted  to  work  in  hard  rock  on  escava- 
tion  jobs  of  all  kinds  where  bolee  are  to  be  drilled  downward 
eithpr  vertically  or  at  an  angle,  except  where  very  deep  holee 
or  tlioee  of  large  diameter  are  required,  are  illustratd  by  Figs. 


Fig.    142^    Hand   Hammer   Drill,   Sullivan   "Rotator." 

142  and  143.  In  addition  to  their  use  for  general  rock  exeava- 
^on,  these  drills  have  a  wide  application  in  demolishing  old 
masonry,  breaking  up  concrete,  removing  pavement  and  kindred 
jobs  for  which  service  they  effect  a  saving  over  hand  work.  On 
many  jobs  hand  hammer  drills  have  demonstrated  their  ability  bi 
331 
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turn  out  more  work  than  mounted  drills  due  to  the  fact  that  no 
time  is  lost  in  setting  up  and  moving  tripods. 

All  eelf-rotating  hand  hammer  drills  require  hollow  drill  steel 


Fig.  143.    Hand  Hammer  Drill,  Ingersoll-Rand  "  Jack  Hammer," 

and  may  be  had  with  either  an  air  jet  device  or  with  a  device 
feeding  both  air  and  water  to  the  bottom  of  the  drill  hole  to  free 


Fig.  141.    Mounted  Hammer  Drill.    Leyner-Ingeraoll  Type  Set  Ujl 
on  Column  with  Arrangement  when  Water  Tank  Is  Used. 

it  of  chips.  The  dry  type  is  the  accepted  atandard  tor  outdoor 
work,  and  the  water  feed,  or  "  wet "  tor  use  in  underground 
excavation. 


The  pric< 


s  foHows: 


Fig.    146.     Air  Feed  Hammer  or   Slope  Drill   Fitted   with   Dust 
Allayer. 
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Honntcd  Hammer  Orilb  adapted  for  use  in  tunnel  driving  and 
mining  are  operated  with  a  tripod  mounting  where  the  drilling 
iB  downward  and  a  column  or  bar  where  the  drilling  ie  horizon- 
tal. They  are  illuatrated  bj  Fig.  144  and  are  generally  of  the 
water  feeding  type,  employing  hollow  drill  steel.  For  their  work 
capacity  they  are  lighter  than  the  reciprocating  type  of  drill. 
The  price  without  the  mounting  is  as  tollowa:  $300  for  the  light 
type  weighing  about  100  lb.;  $380  for  the  heavier  type  weighing 
about  160  lb.     These  drills  are  operated  by  air  only. 

Air  Feed  Hammer  Drills  or  stope  drills  generally  used  in  min- 
ing may  also  be  used  in  trimming  the  roof  of  a  tunnel.    They 


Fig.  140.     Sullivan  Rotating  Wat«r  Stoper. 

are  designed  to  work  at  an  angle  above  the  horizontal.  One 
make  may  be  had  in  two  types;  the  dry  weighs  about  S6  lb,  and 
costs  $200;  the  wet  type  weighs  about  90  lb.  and  costs  |225. 

Another  make  costs  as  follows;  automatic  feed,  dry  type  $275; 
wet  type  $300;  both  of  these  weigh  about  120  lb.  Hand  feed, 
dry  type  $200;  wet  type  $225;  both  of  these  weigh  about  85  lb. 

An  attachment  for  use  in  allaying  the  dust  from  the  cutting  is 
illustrated  by  Fig.  146  and  consists  of  an  attachment  on  tlie 
drill  with  a  connection  to  the  air  supply  and  a  bucket  or  other 
receptacle  for  the  water.     This  attachment  costs  $10. 

Mounted  Flaton  Drills  used  in  quarrying  and  open  cuta  are 
mounted  on  either  a  tripod  or  quarry  bar.  They  may  be  operated 
on  either  compressed  air  or  steam.     The  cost  as  follows; 

Dismtter  ApuroiiniiiM  Pries 

ot  piston  in  is.  weight  Inib,  (.  o.b.  factorr 


aU  350  2M 
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Xleotiio  Air  Drills.    Some  of  the  conditions  that  particularly 
favor  the  selection  of  this  type  of  drill  are  as  follows: 

(1)  High  altitude,  which  impairs  the  efficiency  of  the  ordinary 

compressor. 
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(2)  Long  transmission  lines,   wire  being  cheiiper   tht.n   pipes. 

(3)  Cheap  electric  power,  of  the  right  voltage  and  frequency. 
The   electric   air  drill    is   driven   by   pulBBtions   of   compressed 

air  caused  by  a  "  pulsator,"  which  is  driven  by  an  electric  motor. 
The  air  is  not  ^austed,  but  is  simply  used  over  and  over 
again,  working  backward  and  forward  in  a  closed  pneumatic 
circuit,  from  which  some  leakage  of  air  is  necessarily  inevitable. 
This  leakage  is  provided  for  by  compensating  valves  on  the 
pulsator,  adjusted  to  automatically  maintain  a  constant  average 


Fig.  147.    "Electric  Air"  Drill  at  Boutwell  Milne  and  Varnum 
Quarry,  Barre,   Vt. 

pressure  in  the  circuit.  The  drill  is  practically  a  cylinder  con- 
taining a  moving  piston  and  rotation  device,  without  valvea 
chest,  buffers,  springs,  side  rods  and  pawls.  The  cylinder  is 
larger  than  that  of  the  corresponding  air  drill,  but  the  piston 
is  shorter,  thus  involving  no  great  difference  in  weight  between 
this  and  the  older  types.  The  pulsator  requires  no  intake  and 
discharge  valves  nor  water  jackets.  It  is  geared  to  a  motor 
which  may,  of  course,  be  of  either  direct  or  alternating  current, 
and  is  mounted  on  a  wheeled  truck  for  convenience  in  handling. 
The  pulsator  and  drill  are  connected  by  two  short  lengths  of 
hoae,  each  of  which  acts  alternately  as  supply  and  exhaust. 
It   ie  claimed  by  the  manufacturer  that  with  the  electric  air 
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drill  there  is  far  less  loea  of  power  than  -in  the  case  of  the 
ordinary  air  or  steam  drill,  and  this  claim  seems,  on  theoretical 
grounds,  to  be  well  founded. 

Complete  electric  air  drills  average  about  $l,fX)0  in  price. 
Similar  machines  driven  by  a  gasoline  engine  Instead  of  an 
electric  motor  are  also  manufactured.  , 

Drill  Eepairs.  In  the  South  African  gold  mines  the  cost  of  ' 
drill  repairs  was,  in  1912,  about  $300  per  drill  per  year,  or  60c 
per  shift  for  two-shift  work,  and  the  size  of  the  average  drill  in 
about  3<4  inches. 

Mr.  Thomas  Dennison  is  authority  for  the  statement  that  the 
average  monthly  cost  of  keeping  a  drill  in  repair  when  working 
in  the  Michigan  copper  mines  is  as  follows: 

SuppLies     tl.31 

UBChinist   labor    8.45 

Blackamith    labor    1.60  | 

Total  per  monHi   , I11.S6 

Number  of  drills  in  shop  at  one  time  is  about  15%  of  the  total 
number. 

,  Mr.  A.  R.  Chambers  has  used  25  Sullivan  U.  D.  drills  for  11 
months'  work  in  hard  red  hematite.  The  holes  varied  from  6  to  8 
feet  in  depth,  and  a  drilling  record  of  104  feet  was  made  in  one 
ten.hour  shift.  The  drills  were  mounted  on  columns  with  arms. 
and  the  cost  of  repairs  was; 

MBlerialB    {5.30 

Labor 2m 

Total     r.SO 

per  month  per  drill,  or  about  30  cents  per  ten-hour  day  per  drill. 

Mr.  Josiah  Bond  kept  record  of  drill  repairs  for  three  years 
and  they  show  a  cost  of  $102,  $101.50  and  $03.75  per  year  per 
drill,  respectively,  for  the  three  years.  It  is  hia  opinion  that  a 
drill  used  night  and  day  for  one  year  is  sufficiently  worn  at 
the  end  of  that  time  to  scrap  and  that  its  life  for  single  shift 
work  is  three  years. 

Mr.  Charles  H.  Swigert  is  authority  for  the  following  data 
on  tunnel  work  in  very  hard  basaltic  rock.  In  9^^  months  the 
total  of  65,400  feet  of  hole  was  drilled,  being  an  average  of  29 
lin.  ft.  of  hole  per  drill.  The  drills  were  of  3-in.  size.  Cost  of 
repairs  for  four  drills  was  as  follows; 

Per  Lin.  Ft.  Per  On.  Yd. 

KepaitB   .  ol  Hole  Eicavated 

Labor     ....> 0.60cent8  Z.80  cents 

Material     1.40  cents  6.80™nta 

Total    2.00  cents  9.60  cents 
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The  tots)  drill  repaira  amounted   to  58c  per  eight-hour  shift.  ■ 

In  9^  months  2,262  shifts  were  worked. 

Mr.  Hauer  states  that  on  one  IngersoH-t^ergeant  drill  of  3^-iD. 
size,  class  F,  the  repairs,  not  including  repairs  to  hose,  amounted 
to  $5  per  month  for  a  period  of  four  to  five  months. 

I  am  indebted  to  Mr.  John  Rice,  vice-president  of  the  General 
Crushed  Stone  Co.  of  South  Bethlehem,  Pa.,  for  the  following 
information  as  to  drill  repairs: 


S'S 


118,  NT 

M.llS 

111,430 
107,837 


Nole:  The  InnTBoll- Sergeant  drill  F  9  has  a  c^Undfr  3%  in.  in  diameMr 
and  s  7'iD.  sXrSke.  The  In^rxoll  Sergeant  drill  A  32  bae  a  ejlinder  Vi 
in.  in  diameter  and  a  5-iD.  Etroke. 

Mr.  Rond  (quoted  above)  observes  that  a  well-made  heavy- 
bar  or  column  should  outlast  four  drills,  and  arms  are  generally 
strong  enough  to  finish  three  drills.  He  considers  that  repairs 
and  depreciation  on  a  stoping  drill  are  about  50c  per  shift. 

The  cost  of  repairs  to  two  Ingersoll  drills  ^%  inches  in  size 
at  the  Melonea  mine  was  $91.00  for  over  2,600  feet  of  tunnel. 

The  following  drill  repair  costs  are  given  in  "  Rock  Drilling," 
by  Dana  and  Saunders: 

The  cost  for  putting  in  shape  for  work  nine  drills  on  the 
D.,  L.  &  W.  cutoff  was  $1,100.  Repairs  on  fourteen  drills  for 
the  first  13  months  after  the  commencement  of  the  work 
amounted  to  !f6a3.62,  or  an  average  of  $3.80  per  drill  per  month, 
or  38  cents  per  drill  per  shift. 
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At  Thornton,  HI.,  the  repaire  on  fourtMn  drills  during  nine 
monthn  in  1!)0D  cost  $3,058.47,  or  93  cents  per  drill  per  day,  single 
shift  work. 

The  foi'Fgoin;;  coatB  of  drill  repairs  are  all  prior  to  1912. 

Drill  Sharpening:  Haohines.  These  machines  are  illnstrated  by 
Figs.  148  end  149.  A  machine  weighing  4,400  lb.  for  shipment 
costs  $1,226  without  dies  or  dollies  Another  make  comes  in 
three   sizes,   2,150   lb.   costs   $1,200,   1,700   lb.   costs   $900   and   a 


Fig.  148.     Leaner  Drill  Sharpener. 

small  machine  for  bitting  and  shanking  weighs  about  925  lb. 
and  costs  $600.     All  the  foregoing  prices  are  f.  o.  b,   factory. 

Complete  sharpening  shops  generslly  hsve  included  in  their 
equipment  a  punch  for  opening  a  hole  in  hollow  steel  after 
sharpening  and  shanking  and  a  grinder  for  dressing  drill  shanks 
and   light   erinding.     Both   of   these   machines   arc   air   operated. 

One  drill  sharpening  machine  was  operated  by  one  man  who 
attended  his  own  forge  and  made  nccei-Rary  repairs.  It  ran  on 
an  average  of  4  hours  per  day  and  sharpened  approximately 
30,000  drills,  averaging  50  drills  per  hour.     The  amount  of  fuel 
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used  was  about  one-half  that  required  in  hand  work.  To  form 
and  eharpeD  new  drills  required  1^  minutes.  The  life  of  a  bit 
sharpened  b;  this  machine  is  longer  than  when  done  by  hand, 
the  bits  being  better  compacted,  and  drills  can  be  iharpened 
at  the  same  machine  by  the  same  dies.  Before  this  machine  was 
used  two  blacksmiths  and  two  helpers  were  necessar;,  the  ma- 
chine showing  a  saving  over  hand  labor  in  6  months,  of  $1,738.50 
and  saving  in  coal  for  183  days,  SS3.  Total  saving  for  6  months, 
$1,821.50.     (No  record  as  to  machine  cost.) 


Fig,  149.    Sullivan  Sharpener  on  a  Tunnel  Contract  in  Arizona. 

In  the  South  African  gold  mines  each  drilling  machine  uses  an 
average  of  twenty  drill  points  per  shift,  which  amounte  to 
000  lb.  of  drills  removed  to  and  from  the  job  for  each  machine 
per  shift.  One  blacksmith  with  a.  helper  will  keep  S  to  7 
drills  supplied  with  sharp  bits.  In  medium  rock  a.  bit  must  be 
sharpened  tor  each  2  ft.  of  hole,  in  hard  rock,  for  each  \Mi  ft-, 
and  in  soft  rock  for  each  4  ft.  The  direct  cost  of  sharpening 
bits  by  hand  is  about  as  follows: 


Helper 


nio 

2.00 

Charcoal    m 

Total  (WIS  flpires)    HO  WW  at  4  cents  =  (6,60 
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Mr.  T.  H.  Proake  says: 

"  The  power  drill-sharpener  hna  removed  many  of  the  short- 
comings attendant  upon  the  hand  sharpening  process,  with  the 
result  that  where  tbeae  machines  are  uaed  it  is  possible  to  ac- 
complish from  25%  to  100%  more  drilling  thaji  under  the  old 
methodB."  I  take  this  to  mean  25%  to  100%  more  drilling  per 
trip  to  the  shop  on  the  part  of  the  drill  tender,  which  statement 
is  well  within  the  facts.  Especially  is  this  true  when  the  ma- 
chine sharpening  is  combined  with  the  selection  of  special  drill 
steels. 

Hand  Hammer  Drills.  Hand  Hammer  Drills  are  light,  power- 
ful, small  toots  which  are  adapted  to  light  work  in  mines  and 
quarries. 

These  drills  cost  about  $G5.  Drill  steet  in  small  quantities 
costs  about  20c  per  lb.  for  the  hollow  and  about  13c  per  lb.  for 
the  solid. 

Riveting  hammers  cost  from  SW  to  $100  and  weigh  from  15  to 
30  lb.  Sealing  and  chipping  hammers  weigh  from  7  to  15  lb.  and 
cost  from  $60  to  $70. 

Performance  of  Small  Hand  Haminer  Drill.  The  author  exam- 
ined with  some  care  the  operation  of  a  small  hand  hammer  drill 
in  the  field  operating  in  granitic  schist  in  a  New  Hampshire 
qnarry.  The  operation  of  changing  steels  required  an  average  of 
111^  seconds  on  the  part  of  a  highly  skilled  operator.  The  field 
notes  of  this  test  were  as  follows: 

, Tima , 

Hours  Minutes  Seconds 

9Urt  of  flrst  eteel   : 1  12  3 

Finish  of  firsi  Bteel  43  ^ 

Start  of  secoad  steel    13  37 

Finish  of  second  it«el    44  64« 

Start  of  third  steel   4E  E^ 

Finish  of  third  sleel   <6  20 

Start  of  (ourlh-steel  46  S1?A 

Finish  of  fourth  sl«e]    47  Hlit 

Start  of  Hflh   sleel    ..  47  13« 

Finish  of  flflh  steel    tt  xq( 

Total  depth  of  hole,  55H  in. 

Averaite  depth  per  steel,  11  in. 

The  st«el  used  was  %-in,  hexagonal  hollow  rolled  steel. 

FiTUt  bit,  dismeter,  1%  in. 

L»Bt  hit,  diametei.  H4  in. 

After  the  bole  was  finished,  dust  filled  the  hole  to  about  a 
depth  of  8  in,  until  blown  out,  which  time  for  blowing  out  is  not 
included  in  the  above  time  study.  The  elapsed  time  for  the 
entire  operation  was  8  min.  l»i^  sec,  or  6.32  min.  The  toUl 
tlroe  to  change  steels  was  44^(i  sec.,  or  .75  min.,  making  5.57 
min.  for  drilling  time,  or  practically  10  In.  per  minute.  This,  of 
course,  did  not  include  the  time  of  getting  ready  for  a  new  hole 
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or  blowing  out  the  old  hole,  both  of  which  opera-tiona  could  easily 
be  accompliehed  in  30  seconds  bj  an  avera^  operator.  This 
example  is  given  to  show  the  adaptaliility  of  these  small  hand 
machines  for  rapid  and  economical  work  on  comparatively  shallow 
holes.  In  addition  to  the  air  pipe  is  shown  a  pipe  running  to  the 
pressure  gauge,  which  registered  102  lb.  when  the  drill  waa 
not  working  and  S5  lb.  with  drill  running.  The  former  pressure 
represented  the  pressure  at  the  compressor.  In  this  drill  some 
of  the  exhaust  goes  down  through  the  bit  and  blows  the  rock 
cuttings  up  out  of  the  hole,  producing  a  heavy  cloud  in  a  strong 

SUBKAHIIIE  SRHLS 

There  are  two  general  methods  of  submarine  drilling:  (1) 
"  Platform  Method,"  so-called  from  a  platform  or  staging  sup- 
ported on  "spuds."  This  method  is  applicable  where  currents 
are  excessively  disturbing  influences.  (2)  The  "Barge  Method" 
employs  a  floating  scow  or  barge  carrying  the  drills  and  other 
equipment,  anchored  in  place  by  cables  or  chains.  The  height 
of  the  framing,  length  of  feed,  etc.,  and  resulting  price  of  equip- 
ment, depend  upon  depth  of  drilling. 

A  number  of  plants  for  subaqueous  drilling  are  described  in 
"  Rock  Drilling,"  by  Dana  and  Saunders,  from  which  the  following 
data  are  abstracted; 

The  Platform  Method.  Cjlindrical  telescopic  tubes  with  a 
conical  taper,  fitted  with  an  ejector  attachment,  rest  on  the  rock, 
with  upper  end  above  the  surface ^f  the  water.  Drilling,  washing 
and  charging  are  performed  through  these  tubes.  The  use  of  the 
water  jet  is  usually  very  economical  The  boilers,  shops,  pumps, 
diving  apparatus,  etc.,  are  usually  carried  by  barge  or  scow 
moored  to  the  platform  and  by  anchors. 

In  the  operations  on  Black  Tom  Reef,  New  York  harbor,  which 
commenced  May  2,  1881,  344  actual  working  days  were  occupied  in 
drilling  1,736  holes,  a  total  of  17,So8  lineal  feet  (av.  depth  10.17') 
and   removing  5,136   cu.  yd. 

The  cost  of  plant,  including  alterations  and  additions,  was  as 
follows: 

Barge  Vo.  I,  IidII  and  equipment   I  6,M0.00 

Drill  Flott  M-3.  1  4,09B,TO 

Drill  noat.  No.  2  4,9g7.40 

Machinerj,   ele i...    3,816.K1 

ToUl     »lfl,538,Bl 

The  foregoing  cost  of  plant  and  the  following  cost  of  operation 
are  excessive,  due  to  the  experimental  work  prior  to  the  introduc- 
tion of  the  improved  methods  of  operation.  "^  iOi";k 
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The  operating  eipensea  were  as  foUowB; 
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ToUlCbst 

ts.nats 
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tl.TM 

Repsiii 

="d'wl"r"h^::::: 

o:^ 

TolBl    (1882)     

)22,4M.39 

%i.m 

sod  dreHine  (SS.^'l 

3.41  lin'.tt. 

Bai^e  Hethod.  The  drill  boat  used  by  the  Great  Lakes  Dredge 
Dock  Co.  at  West  Neebiah  Channel,  St.  Mary's  River,  in  1909, 
wae  ot  timber,  128  ft.  long  by  30  ft,  beam,  covered  by  a  house 
in  which  were  boilers,  shops  and  men's  quarters.  The  equipment 
included  the   following: 

1  Scotch  marine  IS  fire)  boiler.  14-  long:  X  13'  diameter. 
1  Each  blarlidmitb'B  force,  sniU,  block  with  sUcb,  beach,  yiae.  pipe  cUmp. 
IT  Span  drill  bits. 
1  Hj-dranlic  cylinder,  12"i  15'  6"  with  ZW  pistm  and  traction  cbiin  tor 

DiDiinl  driUa.  . 

1  email  feed  pomp, 

1  dynanio  (and  iwitchhoard)  driTen  bj  one  eyllnder  betted  eneine:  dynamo 
110  YOltB  and  1i  amperw.  D.  0..  G  h.  p.,  !,«(»  r.  p.  m. 

1  Smnll  Tertical  waahout  boiler. 

B  Drai  marhines,  SM~  on  traoli  of  2-  6"  I  beams. 

2  B team  driTsu  capalani. 
4  9pad  engiofle.  r  i  Bii". 

The  coit  ot  thB  plant  wai  approiimaMly  |35.00Q,(». 

The  drill  boat  "  Earthquake  "  used  by  Dunbar  and  Sullivan  on 
Section  No.  3  of  the  Livingstone  channel,  Detroit  River  channel 
improvement,  had  a  steel  hull  106  ft.  long,  30  ft.  wide  and 
5  ft.  9  in.  deep.  The  deck  was  of  2-in.  planking,  and  the  house, 
S9  X  19  X  13  ft.  high,  also  of  wood.  The  framework  of  the  hull  wae 
composed  of  standard  angles  and  brackets,  and  divided  into 
four  watertight  compartments  by  transverK  bulkheads. 

The  equipment  includes  the  following: 

i  Drille   and  equipment. 
4  Spnd  anchoTB. 

1  Siiod  aocbor  en^nes. 

2  Steam  iwpctani. 

"   Bit"'  D.jn:tci;.CjOOglC 


II  . 


i  I 

ii"--y  ill 


asm  JO  ■■ 
t;q  8aiv«ie  5 

(n)  pni  'tn    * 


""If 


|S5SJ3;5I  |3S3S2;KJ  f    !  S 


itu4T    a      assasagaa    aaas      aa    a    □      a   a 
•"""I    lllllllll  Jill    11  I  I    II 


a    SeSSSaSSn    S4  S  e    S  S  i  ■^'£'5 
2   laaHSBBal  gs^  Ij  S*"  SM  SB  aocg^iS' 


HANDBOOK  OF  CONSTRUCTION  EQUIPMENT 


1  HrdrmUc  cylinder,  U  ft:  long  «  12  in.  J 
IpS^wIiMiVeM"' 

lameUr  for  ab 

i  gjr/«^no^for^bo«e_r^^f.ed. 

1  FaLp^lTxl ?l™..'"tlT  hj-dtBU.!!;  lift. 
1  Each  anvil,  toige,  bench,  tibb  and  pipe 

1  Dynamo  and  small  engine  for  lights. 

i  Tknk.  7  J  21  *  »  ft.,  for  healing  feed  w.tei 

1  Ontler  and  1  powder  boat. 

Lmp,  .man  b 
for  hydraulic 

..    10,000 

. .  .ti£6.ooa 


Fig.   150.     15  Ft.  Feed  Turntable  Drill  Wagon. 
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The  drill  boats  have  wooden  hulls,  96^25x0  ft,  90x30  3'6  ft. 
and  65  X  16x5>i  ft.,  the  two  largest  having  3  drills  each  and  the 
smaller  2  drills. 

The  tabulation  on  page  343  of  the  coet  of  subaqueous  drilling  is 
oIbo   abstracted   from    "Bock   Drilling": 

Il«p  Hole  Prill  Wasoni.  This  type  of  drilling  rig  ie  adapted 
to  work  in  the  excavation  of  rock  in  quarries,  canals,  railroad 
cuts,  and  work  of  a  similar  nature,  where  the  material  to  be 
drilled  is  too  hard  to  use  the  ordinary  rigs.  Thej  may  be  op- 
erated by  a  crew  of  two  men,  and  are  illustrated  by  Fig.  150. 
The  following  types  are  to  be  had:  Portable  wagon  mounting 
for  single  drill,  mounting  for  three  or  more  drills;  turntable 
drill  wagon,  and  portable  wagon  mounting  "  electric  air "  drill, 
with  or  without  turntable. 


inSCELLAITEOirS  SBIILS 

Cheunelert.  These  machines  are  used  generally  where  the 
output  of  quarries  consists  of  dimension  stone,  but  sometimes,  as 
on  canal  work,  it  is  more  economical  to  channel  rocks  to  a  required 
face  than  to  drill  and  blast  beyond  the  "  pay  "  limit.  Another 
definite  advantage  in  the  use  of  channclers  is  noted  in  the  building 
of  the  Chicago  Drainage  Canal,  where  the  walls  were  required  to 
be  left  smooth  and  solid.  The  depth  to  which  a  channeler  can 
cut  depHids  upon  the  character  of  the  rock.  A  cut  as  great  as 
17  ft.  has  been  accomplished,  but  very  rarely.  The  general  aver- 
age is  from  7  to  10  ft.  With  a  9  ft.  cut  in  shale,  a  machine 
under  my  direction,  in  February,  1908,  cut  from  80  to  250  sq.  ft. 
per  day  of  three  shifts  with  a  total  of  3,130  sq,  ft.  for  the 
month.  The  width  of  a  channel  cut  will  vary  with  the  conditions 
from  1^  in.  to  5  in.,  more  or  lens.  The  cost  per  square  foot 
channtffed  was  13. G  cents  labor  and  about  4  cents  for  coal.  These 
costs  are  exclusive  of  plant,  superintendence  and  overhead  charges. 

In  the  fixed-back  channeler  the  movement  of  the  steels  is 
limifcd  to  two  vertical  planes  and  the  cut  is  vertical  with  square 
ends.  The  swing-back  track  channeler  is  intended  for  angular 
cutting  in  quarries  where  the  floor  is  to  be  enlarged.  And  it  is 
desirabU  to  follow  it  without  removing  overlying  rock.  The 
Broncho  channeler  has  a  purpose  intermediate  between  the  heavy 
track  channeler  and  the  light  quarry  bar  and  drill.  The  under- 
cutting track  channeler  is  designed  to  meet  conditions  in  rock 
in  which  there  are  no  free  horizontal  beds,  and  the  cleavage  of 
the  stbne  is  nearly  vertical. 

A'  steam  operated  double  acting  channeler  with  boiler,  complete, 
weighs    about    26,000   lb.    and    costs    about   $ll,Ood.''!A','^}niilar 
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machine  single  acting,  weighs  about  16,000  lb.  and  coste  about 
87,000, 

Qadder.  The  Gadder  is  used  to  drill  a  number  of  parallel  liolee 
in  a.  plane;  at  any  angle,  from  horizontal  to  vertical,  or,  in  con- 
nection with  the  channeier,  in  drilling  the  horizontal  undercutting 
holes.  In  "  plug  and  feather "  work  it  is  uaed  to  break  the 
large  blocks  cut  free  by  the  channelers. 

Tlie   equipment   includes   the  following:     Drill   and    standard 


Fig.  151.    Sullivan  Steel  Gadder. 

mounted  on  carriage,  with  stead;  pins  and  adjusting  screws, 
crank  handle,  oil  cans,  wrenches,  etc.,  and  does  not  inclule  hoae. 
Its  weight  complete,  set  up  ready  to  run,  is  4,100  lb,  and  it  costs, 
about  $1,400. 

Quarry  Bar.  Complete  quarry  bars  including  carriage,  weights 
and  wrenches  are  made  for  drills  having  cylinder  diameters  of 
from  2  to  6  in,  in  lengths  of  from  8  to  12  ft.  The  shipping 
weights  for  the  complete  outfits  are  from  1,000  to  2,200  lb.,  and 
their  coat  is  from  $400  to  $650  f.  o.  b.  factory. 
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Electrio  Air  Channeler.  This  machine  is  operated  on  the  same 
principle  as  the  electric  air  drill  heretofore  described.  It  costs 
about  $6,000  f.  o.  b.  factor;. 

When  requesting  quotations  on  rock  drilling  machinery,  the 
following  information  should  be  fumiahed  the  manufacturer: 
In  ftnanyliiK. 

1.  Give  the  location  of  work,  whether  on  surface  or  under-  . 
ground. 

2.  Describe  the  nature  of  the  rock,  whether  sandstone,  slate, 
limestone,  granite,  marble,  etc.  State  whether  the  material  is 
hard,  medium  or  soft. 

3.  Is  the  quarry  output  in  dimension  stone  or  simply  broken 

4.  If  the  material  is  shelly,  state  whether  it  is  tight  or  loose. 

5.  What  is  to  be  the  extreme  depth  of  holest  Are  there  many 
or  few  of  these  deep  holes  t 

8.  What  is  the  average  depth  of  the  holes  to  be  drilled!  (This 
is  important.) 

7.  What  is  to  be  the  average  diameter  of  the  holes  at  the 
bottomT  If  undecided,  state  whether  dynamite  or  black  powder 
IB  to  be  used. 

8.  What  ia  the  greatest  distance  to, which  Btea,m  will  have  to 
be  piped  or  will  ever  be  used! 

St.  A   rough   sketch   of   the  quarry   ia  very   useful   and  also  a 
small  sample  of  the  material  to  be  quarried.     If  the  latter  is  sent, 
it  should  be  properly  labeled  with  the  name  and  address  of  the 
sender  and  prepaid;  a  3-inch  .or  5-inch  cube  is  a  good  size. 
In  Railway  Cut  or  Excavation. 

10.  Give  the  full  dimensions  of  the  cut  and  in  addition  sinswer 
such  questions  in  above  list  as  may  apply  to  the  case. 

In  Bewei  or  Trenohlnff  Work. 

11.  Give  answers  to  questions  Nob.  2,  4,  6,  7,  8  and  Q  above. 

12.  Give  the  width  and  depth  of  the  trench,  stating  the  depth 
of  the  rock  which  is  to  be  removed,  and  depth  of  earth'  (if  any) 
over  the  rock. 

In  Metal  Klning. 

13.  Give  full  information  as  to  the  nature  and  quality  of  the 

14.  Describe  the  general  system  of  mining. 

15.  Give  the  dimensions  of  the  shafts,  drifts,  stopes  and  winzes 
which  are  to  be  driven, 

16.  If  a  compressed  air  equipment  is  desired,  answer  the  ques- 
tions nnder  the  heading  of  "  Compressed  Air." 

In  Tnnnellug. 

17.  What  is  the  nature  of  the  material  which  is  to  be  passed 
through ! 


L 
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IS.  Dimensioni  of  tunnelf 

10.  WTiat  is  to  be  the  total  length  1 

20.  Are  heading  and  bench  to  be  driven  together,  or  will  a 
heading  he  driven   first  and   the   bench  removed   afterward! 

21.  1h  the  tunnel  to  be  driven  from  one  end  only,  ot  from  both? 

22.  Are  intermediate  shafts  to  be  sunk!  If  ao,  give  their  depth 
and  cross-section,  and  describe  the  material  to  be  penetrated. 

'  23.  If  eompreased  air  is  to  be  uaed,  distributed  by  pipes  leading 
from  a  central   station,   these  stations   should   be   located   where 
coal  and  water  are  moat  readily  accessible.     In  auch  cases  answer 
the  questions  under  the  heading  "  Compressed  Air." 
In  Shaft  Work. 

24.  What  are  to  be  the  dimensions  of  the  shaft? 

25.  Give  the  depth  proposed  and  nature  of  the  rock  or  ore 
penetrated.  If  compressed  air  is  to  be  used,  answer  the  ques- 
tions under  that  head  below. 

In  Submarine  Drill  Work. 

26.  Give   the    greatest   depth    of   water   over    the   rock    to   be 

27.  Give  the  depth  of  rock  which  is  to  he  blasted  and  the 
depth  of  the  holes  to  he  drilled.  If  possible,  state  a  maximum 
and  minimum  depth  required. 

28.  Give  the  rise  and  fall  of  the  tide,  if  any. 

29.  Give  the  velocity  of  the  current,  if  any. 

30.  Stale  whether  the  drilling  is  to  be  done  from  a  scow,  pon- 
toon, platform  or  whatever  support  ia  used. 

31.  State  whether  the  rock  is  covered  with  mud,  clay,  gravel 
or  sand,  and  if  no,  to  what  depth. 

Where  Compreised  Air  Is  to  Be  Used. 

.12.  State  the  altitude  above  sea  level  at  which  the  compressor 
is  to  be  located. 

33.  Give  a  general  idea  of  the  location  and  arrangement  of  the 

34.  State  how  near  the  plant  is  to  fuel  and  water,  and  the 
kind  and  cost  of  the  fuel. 

3.1.  State  how  far  the  compressing  plant  is  from  the  work  to 
be  done. 

30.  If  other  machinery  than  drills  is  to  be  run  by  air,  (five 
the  cylinder  dimensions,  the  speed,  the  pressure  necessary,  the 
running  time,  the  location,  and  other  information  likely  to  be  ot 

37.  State  whether  the  compressor  is  to  be  run  by  atesm. 
electricity  or   water   power. 

3B.  Give  the  steam  pressure  which  is  to  be  used. 

3'J.  State  whether  the  compressor  is  to  run  condensing  or  non- 
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condensing.     If  condeneing,  state  quality,  temperature  and  quan- 
tity of  water  available. 

40.  If  a  boiler  is  already  available,  state  its  rated  borRe^power, 

41.  State  bow  long  the  work  is  to  last,  and  wbetber  the  most 
economical  or  a  cbeaper  plant  is  contemplated, 

42.  If  electric  power  is  to  be  used,  state  character,  voltage  and 
frequency  of  current  available. 

43.  If  water  power  is  to  be  used,  state  head  and  quantity 
available. 

44.  If  the  (compressor  must  be  sectional  i zed,  state  limit  of  weight 
permissible. 

Puenmatie  Piiton  Drills.'  Pneumatic  pist«n  drills  are  used  for 
drilling  metals,  boring  wood,  tapping,  reaming,  flue  rolling,  etc. 
They  are  made  in  the  reversible,  non- reversible  and  close  quarter 
types.  They  weigh  from  10  to  75  lb.  and  are  priced  at  from  $75 
to  $195.  Attachments  may  also  be  had  for  operating  grinding 
wheela  and  saws. 

ChnTa  ■Dillls.  Churn  drills  or  portable  drilling  machines  are 
made  in  about  fifteen  sizes,  some  of  the*  largest  of  which  are  also 
built  with  a  traction  attachment.  The  small  portable  and  all  the 
traction  majirbines  are  usually  equipped  with  a  folding  pole  der- 
rick, which  takes  up  less  space  than  a.  ladder  derrick, 

The  prices  of  machines  are  about  as  follows: 

Table  op  Churn  Dbills 


3500       rriclion  boiet  deep  well  rig  SS.OOD  4,330 

The  400  ft.  machine  is  adapted  for  blast  bole  drilling  and  may 
be  had  with  either  steam,  gas  engine  or  electric  motor  at  ap- 
proximately the  price  given  above.  This  type  of  machine  is  il- 
lUMtrated  by  Fig.  1.12. 

A  rotary  shot  drill  attachment  including  worm  feed  on  rope 
reel,  rotating  table  pulleys,  and  complete  outfit  that  can  be  used 
with  the  500  ft,  machine  in  the  above  table,  is  used  when  it  is 
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neceesarj  to  penetrate  strata  that  cannot  be  drilled  with  the  cable 
rig,  coiitB  $1160  t.  o.  b.  faelory. 

Equipment  for  blast  bole  drilling  adapted  to  the  230  and  600 
ft.  Bize  is  as  follows: 


3   aocket    (or   1^    in.   cubit 
ry   l«ol   wreoche,  for   2«  ii 


rned  4M  It 


SliKlKe  andliaDdle 


Liflinic 


Convene    M- .     .  

(t.  1*   in.   manils  H.  L.  drinine  caMe 
ft,   K    in.    manjltt   H.    L.   Bundling    ... 


r  (Uriing  . 


Fig.  152.     Churn  Drill. 

Ffthlng  Tooli.  Rope  knife  for  cutting  cable  off  close  to  rope 
socket,  used  nn  1  in.  gaa  pipe  costs  S14.00.  Rope  spear  for  fishing 
out  a  lost  cable  or  sand  line  costs  ^10,50.  Spuds  for  cutting 
around  bit  of  tool  that  bas  become  lost  cost  from  832   to  (80 
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according  to  size.    Sockets  for  fishing  out  toola  cost  from  C3S  to 
$100  according  to  size. 

Mr.  W.  G.  Weber,  in  the  Witconsin  Enyinew,  dcBcribed  the 
uHc  of  churn  drills  in  exploring  low-grade  copper  ore  bodiea  in 
Arizona.  A  drilling  crew  usually  consisted  of  one  driller  and 
one  helper  or  toed  dresser,  working  in  twelve-hour  shifts.  The 
costs  of  operation  were  as  foHows: 

Ctex  OF  Dbillino 

Ooat  p«r  Ft. 

2  drillers  M  (ft  per  d»y 10.48 

Ihelpen   at  HM  per  d«y   SS 

1  sumpler  at  H  per  d»y   Ifi 

lIoremaD  at  ffi  vet  day    (2.  machines)    U 

H.M 

Labor    at    K   per   day    10.60 

Foreman   at  ft   per  day    .06 

Powder,    capi    and    tuse     M 

T<*)Ib.   etc ,01 


Aeaaying.  office  and  iacidentala,  etc .Ifi 

Inleient  at  &7c  and  deprecialiDa  (life  4  yra.)  on  H,OaO 
outfit     JO 

Total  cost  per  foot  of  hole   (prior  to  Uri2)    t2.6< 

The  monthly  average  of  the  cost  per  foot  of  hole  drilled 
varies  with  one  company  from  $2  to  $3.  In  another  instance, 
where  holes  are  drilled  further  apart  and  the  drilling  is  poorer 
the  oost  per  foot  has  run  as  high  as  SS.  When  drilling  is  the 
only  means  of  development  being  need  on  a  property,  the  cost 
of  camp  maintenance  and  incidentals  considerably  swells  the 
cost  account. 

Mr.  n.  P,  Gillette  gives  the  cost  of  drilling  blasting  holes 
on  the  Fennsylranta  railroad  work.  The  drills  used  were  the 
ordinary  portable  churn  drills  having  engines  of  from  4  to  8 
hp.  driving  a.  walking  beam  which  raised  and  lowered  a  rope, 
to  which  was  fastened  the  churn  bit  and  rods.  A  5%-inch  bit  was 
used  in  this  work.  Each  drill  averaged  three  20-foot  boles,  or 
60  feet,  in  shale  per  10-hour  shift.  In  limestone,  however,  and 
in  hard  sandstone,  not  more  than  10  feet  of  hole  were  drilled 
per  shift.  Had  the  bits  been  reduced  to  3  inches,  and  the  drill 
rods  suitably  weighted,  much  better  progress  would  have  been 
made  in  hard  rock. 

Advantagei  of  Cliiim  Drills,  Certain  advantages  of  this  type 
of  drill  over  the  regular  rock  drill  are  as  follows: 

(1)   A  drill  will  not  so  readily  stick  in  the  bote  because  of  the 
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powerful  direct  pull  of  the  rope  that  operates  the  drill  rods;  (2) 
there  is  no  limit  to  the  depth  of  the  hole  and  the  deeper  It  ia  (up 
to  any  limits  possible  in  blasting)  the  better  the  drill  works, 
due  to  the  increased  weight  of  the  rods;  (3)  thia  type  of  drill 
consume*  less  fuel  than  the  ordinary  steam  drill;  (4)  the  weight 
of  bits  to  be  carried  back  and  forth  from  blacksmith  shop  is 
much  less  than  for  the  ordinary  machine  drills;  (5)  the  driller 
will  drill  through  the  earth  overlying  the  rock,  bo  that  no 
stripping  is  necessary ;  (6)  the  hole  af  bottom  is  much  larger 
than  with  the  ordinary  drill,  Ihua  allowing  the  bulk  of  the 
powder  charge  to  be  concentrated  at  the  bottom  of  the  hole, 
^here  it  should  be.  For  the  same  reason  a  lower  grade  of 
explosive  can  be  used. 

Holes  drilled  with  bits  to  give  3  inches  diameter  at  the 
hottom  of  the  hole,  with  depth  of  24  feet  in  solid  brown  sand- 
stone in  Eastern  Ohio.  In  14  days  of  10  hours  each  the  driller 
put  down  G92  feet,  or  practically  50  feet  per  day. 

Drill   runner    (3.00 


ToUl  far  90  ft.  of  bole    tG.20 

This  gives  a  coat  of  12^  cents  per  foot  of  bole,  not  including 
interest  and  depreciation,  and  bit  sharpening.  Tlie  best  d&y'a 
work  in  the  brown  sandstone,  using  all  the  weights,  was  53 
feet,  but  in  blue  sandstone,  which  was  softer,  QO  feet  were 
drilled  per  day,  using  light  weights. 

In  the  same  brown  sandstone  cut  an  8 -day  test  was  made 
with  a  3Vi-i'ich  Hand  drill  for  comparison.  The  holes  were  20 
feet  deep,  1%  inches  in  diameter  at  the  bottom  (as  against  3 
inches  with  the  well  driller),  and  28  holes  were  drilled  in  the 
8  days,  making  70  feet  the  average  day's  work.  A  10  hp,  boiler 
furnished  steam.     The  daily  cost  of  operating  the  Rand  drill  was: 

Drill  rnnner $3,00 


10  bu.  (800  .lb.)  foul  nt  10  cl l.OO 

Total  for  70  ft.  of  hgle »8,!B 

This  was  equivalent  to  1 1 .8  cents  per  foot  of  hole,  not  including 
interest  and  depreciation,  and  bit  sliarpening,  or  slightly  less  than 
with  the  churn  drill. 

Mr.  William  R,  Wade,  in  the  Mining  World,  1908,  gives  some 
costs  of  cliurn  and  cor<^  drilling  in  exploring  for  turquoise  mines 
in  the  Burro  Mountains,  New  Mexico,     The  machines  used   cost 
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$4,300,  fully  equipped  and  on  the  work.  Alxiut  30  feet  of  4-ineh 
hole  were  rut  in  8^  hours  at  &  cottt  of  $1.00  per  foot,  including 
interest,  repaira,  superintendence  and  incidentals.  Six  barrels 
of  water  and  %  cord  of  juniper  (equ&l  to  pine,  cedar  or  similar 
aoft  wood  in  fuel  value)  were  used  per  day.  Mr.  Wade  states 
that  with  a  crew  of  three  men  the  actual  drilling  cost  altout 
50  cents  per  foot,  including  labor,  interest  on  the  drill,  supplies 
and  $1.00  per  da;  for  repairs,  but  not  including  offlce  expenses, 
superintendence,  assaying,   etc, 

Eleotiio  Driven  Well  Driller  ITied  for  QTiarTTliir  Crushed  Stone 
as  described  in  Engineering  and  Coiftractrng,  July  £1,  1000,  is 
equipped  with  a  10  hp.  Hpecially  {geared  motor  placed  over  the 
rear  tructi  and  belted  to  the  drilling  mechaniam,  which  is  back 
geared  and  lialanced.  The  controller  box  ia  located  at  the  front 
of  tbe  machine  close  to  the  driller's  hand.  The  drilling  toola 
comprise  a  stem  weighing  alwut  1,000  lb.,  a  drill  bit  weighing 
160  lb.,  and  a  rope  socket  weighing  about  50  lb,  or  about  1,200 
lb.  altogether.  The  bit  cuts  a  5%-in.  hole  and  the  stem  is  3% 
in,  in  diameter  and  22  ft.  long.  As  the  stroke  is  from  30  to  30 
in.,  a  blow  of  from  3,000  to  3,500  lb.  is  obtained  at  each  stroke. 
The  machine  is  built  with  gear  hoist,  capacity  500  ft.,  or  with 
friction  hoist,  capacity  350  ft.  The  makers  consider  the  latter 
style  of  machine  probably  the  best  for  quarry  and  rock  cut  work 
where  the  tools  are  being  constantly  raised  and  lowered  as  in 
tamping  a  charge,  and  where  the  holes  will  rarely  exceed   151)  ft. 

Id  operating  at  the  full  speed  of  the  motor  the  tools  make  about 
60  strokes  per  minute.  Ah  the  hole  becomes  deeper  or  clogged  with 
cuttings,  before  sand  pumping,  the  rapidity  of  the  strotie  is  gradu- 
ally reduced  to  say  50  strokes  per  minute  in  order  that  the 
cutting  bit  may  deliver  its  blow  with  best  effect.  This  change  of 
speed  is  produced  by  reducing  the  speed  of  the  motor.  The  best 
results,  it  has  been  found,  ate  obtained  with  a  5%-in.  hole.  This 
size'  obviates  the  necessity  of  squibbing  charges,  which  must  be 
employed  In  smaller  holes.  A  5%-in.  hole  is  also  more  easily 
and  cheaply  drilled  than  a  hole  of  larger  or  smaller  diameter; 
the  larger  hole  involves  more  cutting  while  permitting  no  corre- 
sponding gain  in  size  and  weight  of  drill  bar;  i.  e.,  the  heaviest 
practicable  tools  can  be  operaWd  in  a  5%-in,  hole,  while  a  smaller 
hole  necessitates  a  reduction  in  the  diameter  and  weight  of  the 
stem  and  bit  which  citts  down  their  efficiency. 

Besides  doing  the  drilling  this  machine  is  used  for  loading  the 
lioles.  For  this  service  the  regulai'  drilling  bit  in  removeil  and 
in  its  place  a  wooden  rammer  is  placed  on  the  drill  stem.  From 
6  to  8  sticks  of  dynamite  having  been  dropped  into  the  hole  the 
drilling  tool  is  lowered  after  them,  forcing  them  to  the  bottom 
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The  tools  are  then  withdrawn  and  the  operation  repeated  until 
all  tlie  charge  ie  placed.  Ihe  placing'  of  the  firing  cap  and  wires 
and  the  tamping  are  done  by  hand. 

The  machine  was  furnished  b;  the  makers  on  the  guarantee 
to  drill  to  a.  depth  of  BO  ft.,  at  the  rate  of  40  ft.  per  10-houT  day, 
or  4  ft.  per  hour.  In  the  tests  mads  on  delivery  of  the  machine 
the  following  records  were  obtained:  The  macaine  was  set  up 
OD  June  5  at  5  o'clock  and  ran  for  1  hour,  drilling  9  ft.  of  hole. 
From  the  following  Monday  morning  until  Ft'iday  forenoon, 
something  over  4  days,  working  10  hours  a  day,  four  99  ft.  holes 
or  284  ft.  of  hole  were  drilled.  In  the  following  week  four  holee 
lOS  ft.  deep  or  420  ft.  of  hole  were  drilled.  These  figures  are 
furnished  by  the  Keystone  Quarry  Drill  Co.  In  actual  work  the 
machine  averaged  40  ft.  of  6%-iD.  hole  per  10-hour  day.  The  daily 
operating  expenses  are  as  follows: 

One  drill  ronner  st  12.60   12.50 


Total  pur   aaj   »»»)    W-OO 

Thia  gives  a  cosb  per  foot  of  hole  drilled  of  20  ct. 
Ship  Angen.  A  3-in.  ship  auger,  welded  to  a  6-ft.  shank 
threaded  to  screw  to  a  standard  1-in.  water  pipe,  was  used  very 
Hatisfaetorily  by  the  Author  in  1019  for  making  teat  borings  in  a 
clay  pit  to  a  depth  of  30  ft.  Where  the  clay  is  fairly  dry  this 
method  is  effective  to  a  depth  of  50  ft.  The  apparatus,  shown  in 
Fig.  153,  consisted  of  a  wooden  tripod  12  ft.  high  when  erected,  a 
1-ton  chain-block,  a  rope  tackle  with  one  single  and  one  double 
block,  the  3-in,  ship  auger  with  welded  shank  and  a  couple  of 
12-ft.  lengths  of  1-in.  standard  water  pipe.  The  cost  of  the  outfit 
in  October,   1919,  was  about  as  follows: 

a  inoh  ship  suger  «llb  welded  staank   I  15.00 

TripDd  msds  an  the  job  trom  green  (imber  br  3  men.  1  daj, 

and   1   team   tt   day K7.00 

Rope  Mckle.    1  single,   1  dooble  block    S.M) 

Ohsin    Mock,    1    ton    BO.OD 

2  atmson   wrenchei   for  revotvinE  the   sunr    E.DO 

MiKoUanMinB    and   oreihead SSJX 

Total  (1919)    nro.OO 

The  auger  was  found  to  be  extremely  well  adapted  to  sinking  a 
hole  rapidly,  taking  out  a  core  which  gave  a  sample  typical  of 
the  material  at  the  bottom  of  the  hole.  The  cost  of  the  borings 
varied  from  about  25  cents  per  foot  to  one  dollar,  according 
to  the  condition  of  the  material.  Some  holes  were  abandoned 
on  account  of  striking  rock  or  large  boulders.  Hard  sand  was 
an  impediment,  usually  surmountable;  and  below  a  certain  depth. 
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uetutllj  between  20  and  30  ft.  the  wet  clay  squeezed  in  the  aides 
of  the  holes  as  soon  as  the  bit  was  withdrawn,  partly  closing 
the  hole,  and  thus  making  it  impossible  to  go  further  with  the 
next  boring:  This  condition  of  plasticity  of  the  clay  thus 
defined  the  depth  at  which  this  method  was  practicable.  After  the 
bit  was  put  down  S  in.  or  so  into  new  material,  it  was  pulled  out 
for  several  feet  with  the  block  and  tac'kle,  using  the  chain  block 
to  start   it  where,  occasionally   necessary,   after  which   it   was 


Fig.   153.     Ship  Auger  and  Tripod  for  Teat  Borings  in  Clay. 

Iift«d   out   by  hand.     Four  men  comprised  the  crew,  which  was 
directed  by  Mr.  R.  D.  Sandford,  of  Litchfield,  Conn. 

Wacti  Boring.  Wash  boring  is  the  most  rapid  and  economical 
method  of  penetrating  unconsolidated  material  It  is  not  a  suit- 
able means  of  prospecting  where  samples  are  required  as  all 
strata  penetrated  are  mixed  together  and  brought  up  by  the 
water  jet.  It  is  particularly  adapted  to  sounding  the  depth  to 
rock  when  the  overburden  is  too  thick  to  be  economically  pen- 
etrated by  augers.  Where  diamond  drilling  is  to  be  done,  wash 
boring  is  i>ft«D  used  to  penetrate  the  overburden. 
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Hand  augers  are  used  to  bore  through  surface  materials  in 
starting  a  well.  They  are  to  he  had  in  sizes  of  from  2  In.  to  S 
in.  in  various  types.     The  price  of  the  3  in,  size  ia  $8.20. 

Hydraulic,  jetting  and  revolving  drills  used  in  rotary  boring 
machines  for  enlarging  a  hole  in  order  that  a  pipe  casing  may 
follow,  may  be  had  in  a  numlwr  of  styles  and  are  parried  in  stock 
in  aiitba  frotn  2  to  16  in.     A3  in.  drill  coats  $15. 

Dtamond  Drilling.  Diamond  drills  are  UHed  where  it  in  neces- 
aary  to  obtain  aamples.  The  cores  obtained  may  run  from  10% 
to  100%  depending  on  the  condition  of  the  material  drilled.  In 
cases  where  the  rock  is  hard  and  uniform,  core  recovery  is  high- 
eat,  and  where  the  rock  is  loose  and  soft,  recovery  is  low.  Near 
the  surface,  where  the  rock  is  decomposed,  recovery  is  leas  than 
at  the  lower  portion  of  the  hole. 

A  band  diamond  drill  outfit  complete  without  diamonds,  for 
400  ft.  depth,  weighs  approximately  2,200  lb.  and  costs  $1,000. 
A  gasoline  driven  outfit,  same  depth,  without  diamonds  weighs 
approximately  4,000  lb.  and  costs  $1,600.  The  same  outfit  driven 
by  ateam  costa  $3,500  and  weighs  approximately   11,000  lb. 

For  this  type  of  drill  six  one  and  a  half  karat  atones  are  used. 
The  present  price  of  a  good  quality  atone  is  $115  per  karat. 
The  best  practice  is  considered  to  have  two  sets  of  stones.  The 
price  would  be  $1,033  per  set,  or  $2,070  for  both  sets. 

The  cost  of  diamond  drill  borings  in  the  Colorado  coal  measures 
was  given  in  Engineering  and  Contracting,  Mar.  13,  1907  aa  fol- 

The  outfit  used  was  a  Sullivan  Class  CN  coal  prospecting  drill, 
with  a  capacity  of  300  ft.,  and  2-in.  diameter  core.  This  wax 
complete  with  all  necessary  apparatun.  Three  sets  of  tubes  were 
drilled,  one  of  nine  holes,  one  of  seven  holes  and  one  of  three 
holes.  The  drilling  gang  in  each  cane  was  made  up  of  one  fore- 
man at  $150  per  month,  who  had  charge  of  the  day  drilling;  one 
night  driller  at  $3.50  per  day;  two  assistants  at  $2.50  per  day; 
one  teamster  at  $2  per  day.  and  a  cook  at  $50  per  month.  The 
foreman  kept  records,  set  diamonds,  bought  supplies,  etc.  The  men 
all  received  board  and  lodging. 

The  following  figures  are  average  costs  per  foot  for  each  set  of 

Setl.  Set  2.  8«t3. 

Ct.  Ct.  ct. 

per  fi.  per  ft.  pertl. 
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tubes.  In  Set  1  nine  holes  were  drilled  a  total  depth  of  4,736 
ft;  in  Set  2  seven  holes  were  drilled  a  total  depth  of  3,040  ft., 
ajid  in  Set  3  three  holes  were  drilled  a  total  depth  of   l,7fi7   ft. 

The  figures  as  will  be  seen  do  not  include  interest  and  deprecia- 
tion on  plant,   transportation,  etc. 

Rotary  Sbot  Drills.  Rotar;  shot  drills  are  used  for  the  same 
purpose  aa  diamond  drills.  In  this  type  of  drill  steel  shot  are 
used  to  cut  instead  of  diamonds.  This  machine  is  illustrated  by 
Fig.    154.     A    machine    driven    by    either    steam    (no    boiler    in- 


Fig.  154.     Core  Drill. 


eluded),  gasoline,  horse  or  belt,  capable  of  drilling  to  a  depth 
of  300  ft,  and  recovering  a  2Vi-in.  core  weighs  from  2,600  to  4,000 
Ih.  depending  on  the  equipment,  and  costs  from  $900  to  $1,300. 
Similar  machines  for  depths  of  80O  ft.  weigh  from  about  4,500 
lb.  to  7,000  lb.  and  cost  from  $1,000  to  $2,000.  The  siie  ot 
core  in  this  machine  is  3^  in.  These  machines  are  manufactured 
in  sizes  recovering  cores  to  10  in.  in  diameter  and  drill  to  any 
practical  depth.  They  may  be  had  with  various  power  equip- 
ments. 

The  following  cost  data  are  from  a  report  by  Mr.  F.  R.  Fisher  on 
a  drilling  and  grouting  job  at  River  Mill,  Oregon.  The  total 
net  cost  of  drilling  and  grouting  was  $47,770.55  or  £1.40  per  lineal 
foot.     Of   the   total   footage   drilled   32,010   lineal  ieet   were   put 
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down  by  rotarj  shot  drills  and  1,119  feet  with  diamond  drills.  The 
holes  put  down  with  the  diamond  drills  coat  about  one'third 
more  than  those  with  the  shot  drill. 

Kook  Sonnding  EI7.  The  follawing  description  of  a*  rock 
sounding  rig  appeared  in.  Engineering  News,  Apr.  S,  1615. 

A  simple  rig  which  has  been  used  lioth  to  ohtain  the  thickness 
of  earth  cover  over  rock  and  as  a  drill  for  blast  boles  in  soft 
shale  or  hardpan  has  been  devised  by  J.  L.  VVeller,  Engineer  in 


Pig.    I6B1    Bar  and  Attachments   for   Bock  Sounding   Rig. 

Charge  of  the  Welland  Canal,  St.  Catliarines,  Ont.,  and  has  been 
used  on  the  revision  work  in  that  canal  and  on  an  earthwork 
contract  in  Nova  Scotia. 

The  rig  essentially  is  a  tight  piledriver  which  is  used  to  hammer 
a  long  bar  into  the  ground.  The  piledriver  is  about  25  ft.  high 
and  weighs  about  200  lb.,  so  that  it  is  easily  portable  by  two 
or  three  men.  It  carries  a  135-lb.  hammer  operated  hy  hand 
through  a  single  line  over  a  sheave  at  the  top  of  the  leads.  The 
bar  is  3  in.  in  diameter,  with  an  upset  head  and  a  tenon  point 
into   which   Sts   a   driving   point   of   conical   shape   and   slightly 
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)arg«r  outside  diameter.  New  driving  points,  at  a  cost  of  2c. 
apiece,  are  provided  for  each  operatioo,  the  old  one  being  left 
ID  the  hole.  For  pulling  the  bar  a  clamp  in  the  shape  of  a  bi- 
furcated cone  is  fitted  under  the  bead  of  the  bar  and  the  pile- 
driver  rope  alung  around  the  clamp.  A  pul)  on  the  rope  tends  to 
bind  the  clamp  to  the  bar  and  at  the  same  time  to  pull  the  bar 
upward. 

The  rig  was  used  extensive!;  on  the  Welland  Canal  work  to 
locate  the  rock  surface,  which  lay  in  a  fairly  uniform  plane 
beneath  the  ground  surface.  The  easily  portable  rig  made  quite 
easy  and  cheap  the  determination  of  rock  depths  at  close  spaciugs. 
On  the  Nova  Scotia  job  the  rig  worked  ahead  of  the  steamshovel, 
making  blast-holes  for  small  shots  to  break  up  the  shaly  forma- 

Sand  Fnmpi.  "  Down "  holes  in  rock  forming  a  mud  which 
will  not  splash  out  must  be  cleaned  a,t  intervals  —  usually  at 
every  change  of  steels.  For  this  purpose  the  sand  pump  Is  used. 
It  is  a  section  of  wrought  iron  boiler  tube  having  a  valve  at  its 
lower  end  which  opens  to  admit  the  slush,  but  closes  when  the  tube 
is  lifted.  At  the  upper  end  of  the  tube  a  chain  should  be  at- 
tached, made  up  of  several  links  of  rod  by  which  the  pump  is 
forced  to  the  bottom  of  the  hole.  A  ring  at  the  last  link  pre- 
vents the  chain  from  dropping  in  the  hole.  The  two-foot  length 
is  used  for  cleaning  holes  without  moving  the  drills;  greater 
lengths  are  intended  for  deep  holes.  Standard  sizes  and  prices 
are  tabulated  belotv. 

Sabd  Pump  with  Bail 
8-ft.  lengths 

Outside  dia.  Price  Price 

in  in.  f.  o.  b.  fKtWT  i>er  (t.  cxtrs  length 

i3i«  »g»  »S™ 


4%  S1.40  1.E0 

Sand  pump  bottoms  of  cast  iron  cost  $2.20  for  the  I'^^g-in. 
size,  «2.50  for  tbe  2i^s-in.  size,  $2.&0  for  the  3%-in.  size,  $3.30  for 
the  4H-iD.  size  and  $3.75  for  the  4%-in.  size.  For  cast  steel  add 
100%   to  price. 

Blacksmith  drills  operated  by  hand  power,  for  drilling  holes  up 
to  1^  in.,  weigh  from  90  to  150  lb.,  and  cost  from  $18.00  to 
$25.00. 
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ELECTRIC  MOTORS 

Electric  motors  used  by  contractors  in  general  const  met  ion 
work  range  in  size  from  a  fraction  of  a  hp.  to  about  150  hp. 
Direct  current  motors  may  be  furnished  ahunt.  series  or  com- 
pound wound.  Shunt  wound  motors  maintain  a  perfectly  con- 
stant speed  regardless  of  load.  Tbey  are  used  when  constant 
speed  is  required  under  changed  loading  conditions  and  are  par- 
ticularly suitable  for  driving  line  shafting  or  groups  of  ma- 
chines operated  by  one  motor.  Series  wound  motors  vary  in 
speed  in  proportion  to  the  load  carried.  They  exert  a  very 
strong  start  torque  and  will  race  if  allowed  to  run  free.  They  are 
particularly  suitable  for  operating  cranes,  hoistB,  etc.,  where 
frequent  reversals  are  necessary  and  where  the  speed  of  the 
motor  is  constantly  under  the  control  of  an  operator. 

Compound  wound  motors  combine  the  advantages  of  the  shunt 
and  of  the  series  wound  motors.  They  will  vary  in  speed  under 
changed  loading  conditions  more  than  a  shunt  wound  motor,  but 
they  will  not  race  nor  slow  down  under  a  heavy  load  to  such  an 
extent  as  a  series  wound  motor.  They  are  adapted  to  driving 
pumps,  et«..  where  fairly  steady  speed  and  starting  torque  are 
required. 

The  single  phase  alternating- current  motor  has  been  quite  well 
developed  during  the  last  few  years,  but  it  hai'  as  yet  come  into 
rather  limited  use.  The  polyphase  motor  kas  come  into  very 
general  use,  its  relative  simplicity  being  a  strong  feature.  These 
induction  motors  may  be  either  of  two  general  types,  the 
squirrel  cage  type  and  the  slip  ring,  or  wound  motor  type.  The 
squirrel  cage  type  in  the  more  simple  and  has  no  moving  con- 
tacts, and  hence  no  wearing  parts  except  the  liearinga.  Relative 
freedom  from  sparking  is  assured  and  the  motors  can  be  used 
with  soma  safety  in  locations  surrounded  by  inflammable  or 
explosive  material.  For  constant  speed  sen'ice  with  fairly  in- 
frequent starting  or  with  frequent  startings  on  circuits  where 
clone  voltage  regulation  is  not  essential  the  squirrel  cage  is  the 
preferable  type.  The  slip  ring  type,  however,  by  the  use  of  ad- 
justable starting  resistance  in  series  with  th^'^^q^ary,  will 
300  ^ 
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start  a,  Riven  load  with  less  current,  and  ia  therefore  preferable 
where  frequent  startins  with  heavy  load  is  necessary  and  where 
flose  voltage  regulation  is  essential.  The  slip  ring  motor  i» 
also  UHeful  for  some  kinds  of  varying  speed  aerviee,  notably 
hoists  and  cranes,  where  its  service  is  comparable  to  that  of  a 
series  wound  d.  e.  motor. 

Motors  for  a  variable  npeed  use  are  designed  for  intermittent 
Herviee  of  a  maximum  of  30  minutes  duration  and  this  reduces 
the  cost.  Motors  when  well  protected  have  a  long  life.  The 
brush  ia  the  quickest  wearing  part  and  one  will  last  from  1  to  4 
years,  depending  on  the  care  given  and  the  kind  of  service. 
When  a  motor  is  overloaded  the  brush  sparks  and.  therefore, 
wears  out  very  rapidly.  A  brush  will  last  longer  on  alternating 
current  than  on  direct. 

The  following  taWe  gives  the  average  prices  of  direct  current 
motors,  also  the  weights.  Tliere  is  a  variation  in  the  cost  of 
about  15%  either  way.  and  of  the  weights  a  variation  of  about 
30%  either  way.  These  figures  are  useful  in  estimating  and  are 
for  machines  rated  at  SOO  r.p.m-  Machines  rated  at  other  speeds 
coat  more  for  the  slower  types  and  less  for  the  taster  types  per  hp. 

Size  in  hp.  Weight  in  lb.  Price  f.  o.  b.  tmloij 


The  following  is  the  average  cost  of  alternating  current  motors 
60  cycle  for  110  to  220  volts  two  or  three  phase  rated  at  1200 
r.pm.  The  same  variations  of  weights  and  prices  apply  to  these 
motors. 


D.  C.  Uotore.  The  following  table  gi^es  the  prices  of  one  make 
of  motors  and  applies  to  motors  operating  on  ll'i  230  and  500 
volts.  The  prices  are  for  complete  machines  with  base  pulley 
and  starter.  ^  I 
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Svt^ 

Approiinrtte 

Prii* 

Bhinpiivweiirtib 

f .  0.  b.  facloTT 

850-lSZS 

lfiE-Z3S 

f    77-102 

1150-1T50 

140-U5 

850-1750 

400-750 

JSS-295 

■m-nia 

300-435 

S45-126 

715-1760 

600-1760 

1420-2360 

650-800 

IBGO-aMO 

65O-106O 

500-1100 

lOOO-lSOO 

eoo-S2s 

3200-5060 

1360-1840 

376-616 

2200-2S30 

U5-S10 

m 

WOO-9900 

3680-4060 

D.  C.  OeneratoTB.  The  following  gives  the  cost  of  a  make  of 
generators.  Hiese  macbines  are  rated  at  voltages  of  125  and 
260  and  the  prices  include  sliding  base,  pulley  and  field  rheostat. 


IC  580  2760  1130 

50  MO  3176  14«0 

A.  C.  KotOTS,  squirrel  cage,  are  made  for  voltages  of  110, 
220,  440  and  560  for  2  or  3  phase  26  and  00  cycles  (moet  com- 
mon). The  following  table  gives  the  prices  of  these  motors  for 
60  cycies.  The  prices  given  are  for  motors  rated  at  1^00  and 
1,BOO  r.p.ro.  no  toad  speed.  These  motors  may  be  had  in  no 
load  speeds  of  000,  720,  MO,  1,200  and  1,800  r.p.m.  The  epeed 
at  full  load  is  from  30  to  60  r.p.m.  less. 


A.  C.  Kotori,  slip  ring,  are  made  in  the  same  voltages  as  the 
squirrel  type.  The  following  are  for  motors  rated  at  1,200 
r.p.m.  for  2  or  3  phase,  00  cycle. 

Approilnutte  Price 

lip.  shipping  weight  in  Ih  t.  o.  b.  tutor? 

1  280  1310 
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The  prices  for  theae  a.  c.  motors  are  for  the  complete  motor  on  . 
Iwise  with  pulley  and  starter. 

In  general  the  prices  are  leas  for  the  higher  speed  motors  and 
more  for  the  slower  gpeed. 
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SECTION  36 
ELEVATING  GRADERS 

These  machines  are  generall;  drawn  by  twelve  horses  (eight 
in  front  and  four  hitched  to  a,  push  cart  behind)  or  more,  or  by 
a  traction  engine.  The  machine  ronsistH  primarily  of  a  plow 
which  casts  a  furrow  on  a  transversely  moving  belt  that  elevates 
the  earth,  and  dumps  it  into  wagons  or  at  one  side. 

An  all  steel  elevating  grader  ciiuipped  with  an  18  ft,  elevator 
which  can  be  shortened  to  19  ft.  tiy  removing  one  section  weighs 
approximately  7,080  lb.  tor  shipment  and  costs  jl.ssn  t.  o.  ii. 
factory.  A  larger  sized  machine  weighing  T,G50  lb.  costs  $1,450 
f.  o.  b.  factory.  Tlie  manufacturers  claim  that  these  machines  are 
capable  of  throwing  1,000  yd.  of  earth  into  enibankments,  or  load- 
ing from  6  to  600  H^-yd.  wagons  in  10  hr.  work  where  the  con- 
dition of  the  soil  is  suitable  for  their  operation. 

The  following  is  the  cost  of  stripping  a  gravel  pit,  covered 
with  sandy  loam,  with  a  number  of  pockets  of  varying  depths  up 
to  10  in.  The  contract  called  for  the  stripping  of  a  space  3.000 
feet  long  and  250  feet  wide,  and  the  placing  of  the  material  in 
storage  piles  in  the  rear. 

The  outfit  consisted  of  1  elevating  grader  C  ly-yd.  dump 
wagons,  4  No,  2  wheelers,  and  2  plows.  Wheelers  were  used  to 
excavate  the  pot'kets.  More  wagons  should  have  been  provided 
as  the  grader  was  delayed  waiting  for  them. 

19,070  cubic  yards  were  stripped  during  the  month  of  Septem- 
ber, IflOO. 

Qiadet  — 


3  Tesma  i 
1  TeBm  o 
1   Team  o 


ELEVATING  GRADERS 
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Mr.  Daniel  J.  Hauer  gives  the  cost  per  cu.  yd.  of  earth  excava- 
tion with  elevating  graders  on  eeveral  railroad  jobi.  The  fol- 
lowing rates  of  wagei  were  paid  for  a  10  hour  day: 


aod 

l?rt 

SopeHnl 

Ddeo 

and  1  driver 
and  1  driver 

"f:    ft 

.    .m       .078 

^'-^^ 

m 

W.23S 

eno 

SOD 

";S 

.019 

.<m 
,010 

!on« 

117 

vV 

.04S 
.003 
.009 

2B0 

Hauling     .... 

WatHT   bor    .. 

"   S     'o^ 

.002       .W2 

.torn  so,is5 

t0.4S0    fO.SCS 

Cu.  id.  i»r  d 

ay    . 

167        2SS 

Mr.  Gillette  places  the  average  output  of  elevating  gradera 
loading  into  dump  wagons  at  SCO  cu.  yd.  per  iay,  and  estimatea 
the  interest  and  depreciation  as  20%  of  the  first  cost  distributed 
over  80  working  days  per  year.  The  author  has  found  that 
the  life  of  a  grader  Is  from  6  years  to  as  much  as  12  years  when 
the  grader  is  well  cared  for. 
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simple.  Center  Crank  Engliies  without  boilers  cost  aa  followe: 

hp.  r.  p.  m.  Weight  Price 


12  ISO  2025  3<S 

The  prices  of  the  SBme  engines  mounted  on  Icicomotive  boilers, 

which  in  turn,  are  mounted  on  either  wheels  or  Bills,  are  as  fol- 

Os  Wheels 

bp.  Weight  in  lb.  Price,  f .  o.  b.  f  sctor? 

4  3.TnO  t   SM 

t  4,050  925 

B  4,W0  l.OSO 

8  4,W0  Lue 


Fig.  157.    Center  Crank  Engine  on  Skids. 
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On  Sills 


A  single  cylinder,  center  crank,  horizontal  steam  engine  similar 
to  the  one  in  Fig.  157,  complete  with  sub-base  and  all  flttinge, 
costs  as  follows: 


Single   Cjlinder,   Center  Crank   Horizontal   Steam 
Engine. 


The  aboTe  ratings  are  based  on  a  steam  pressure  of  about  8 
lb.  at  the  throttle. 

Portable  Xnginei  and  BollerE  on  skids  similar  to  the  one  show 
in  Fig.  158  have  locomotive  type  boilers  and  the  same  engines  e 


Above  prices  t.  o.  b    New  York. 

Another  make  of  portable  engine  conte  as  follows  f.  o.  l 


Th^e  engines  are  complete  with  locomotive  type  boilers  and 
side  or  disc  crank  engines.  They  are  mounted  on  large  wheels 
with  wide  tires. 

Estimating  the  Horse  Power  of  Contractors'  EnEinei.    The 

size  of  an  engine  ia  usually  expressed  in  terms  of  the  diameter 
of  the  cylinder  bore  by  the  lenj>th  of  the  piston  stroke.  In  a 
fixg  engine,  the  cylinder  has  a  bore  of  6  in.  and  the  piston  ha? 
a  stroke  of  8  in.  This  stroke  is,  of  course,  just  twice  (lie  lenj^h 
of  the  "  throw  "  of  the  crank  arm.  Bear  in  mind,  therefore,  that 
the  "  size  of  cylinder  "  as  given  in  catalogue  i?  the  bore  of  the 
cylinder  by  the  stroke  of  the  piston,  and  not  by  the  full  length 
of  the  cylinder. 

If  a  contractor's  engine  is  designed  to  have  a  piston  speed  of 
nOO  ft.  per  minute,  and  la  using  steam  with  a  boiler  pressure  of 
100  lb.,  it  is  an  easy  matter  to  deduce  a  very  simple  rule  for 
estimating  the  horse-power  of  the  engine.  The  following  rule 
is  precisely  correct  when  the  product  of  the  piston  speed  by  the 
mechanical  efficiency  h  equal  to  1,050;  and  (his  ia  ordinarily  the 
case  with  contractors'  engines  having  cylinders  of  8  in.  or  more 
in  diameter. 

El'le;  To  ascertain  the  horsepower,  square  the  borte  of  the 
cylinder  and  divide  by  four. 

Thus,  if  the  engine  is  3  x  8,  we  have  a;  cylinder  hore  of  8.  Hence, 
squaring  8  we  have  64,  and  dividing  by  4  we  get  1ft,  which  is 
the  horsepower.  This  is  (he  actual  delivered,  or  brake,  horse- 
power. For  small  engines,  whose  piston  speeds  are  usually  less, 
it  is  safe  to  divide  the  square  of  (he  bore  by  Hve  ins(ead  of  by 
four.     A  6  X  6  engiije  would,   therefore,   have  7   horsepoweR 

If  the  engine  has  two  cylinders  (duplex)  of  course  the  horse- 
power is  twice  (bat  of  a  single  cylindei 

Oasoline  Engines  are  usually  burnished  with  the  machinery 
they  are  designed  to  operate,  and  for  that  reason  when  machinery 
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which  maj  be  operated  b;  gasoline  is  described,  the  price  of  the 
engine  is  included  in  the  total  cost.  However,  at  times,  it  may 
be  desirable  to  equip  a  piece  of  machinery  now  driven  by  eteam 
or  other  power,  with  a  gasoline  engine. 

A  gas,  gasoline  or  kerosene  driven  engine  of  a  horizontal  water 
cooled  type  is  of  four  cycle,  with  built  in  magneto,  centrifugal 
governor,  and  has  the  fue!  supply  tank  in  the  base  of  the  engine. 
The  price  of  the  engine  on  iron  sub-base  is  as  follows: 

,  Approximate  Price 

hp.  ahippinf  weight  in  lb.  f.  a.  b.  factory 


This  price  includes  complete  equipment- 
The   same   type' engine   mounted   on   an   all   steel   truck   i 
follows ; 


S  vm  GO) 

12  GOOO  .  SOD 

In  the  above  table  the  1^,  2,  3  and  5  bp.  sizes  are  mounted  on 
hand  trucks;  the  8  and  12  hp.  sizes  are  mounted  on  trucks  with  pole 
and  may  be  had  with  single  or  double  trees  at  an  additional  cost. 

Care  of  G-asoline  Engines  In  Freezing  Weather  by  tTse  of 
Anti-freezing  Klxtnrea.  The  following  are  rules  tor  avoiding 
freezing  of  water  in  the  cylinders,  pipes,  radiators,  etc.,  of  the  cool- 
ing system  of  water-cooled  automobile  engines  and  stationary  ex- 
plosive engines.  As  soon  as  freezing  weather  approaches  or  when 
the  temperatiire  drops  as  low  as  40  degrees  F.  all  water  should 
be  drained  from  the  radiator,  cylinders  and  pump,  says  Oat 
Review,  and  the  radiator  filled  with  one  of  the  solutions  given. 

1.  A  mixture  of  glycerine  and  water  in  the  proportion,  by 
weight  of  25%  of  the  former  and  70%  of  the  latter,  to  which  is 
added  2%  of  sodium  carbonate. 

2.  Chemically  pure  calcium  chloride  dissolved  in  hot  wat«r  in 
the  proportion  of  4  pounds  to  one  gallon  of  water. 

3.  Sodii'm  chloride  (common  salt)  or  magnesium  chloride  dis- 
solved in  water  in  the  proportion  of  1^  to  2  pounds  to  the  gallon. 

4.  Wood  alcohol  in  the  prop<irtion  of  20%  alcohol  to  80%  of 
water.  This  Bolutio(i  has  the  advantage  of  being  sufficient  for 
average  winter  weather,  and  it  has  no  ill  effect  of  any  kind  on 
metals  nor  does  it  leave  any  sediment. 


Fig.  159.     Gasoline  Engio 


Fig.  160.    Gasoline  Engine  on  Skids. 
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Should  the  thermometer  reach  as  low  aa  15  degrees  F.,  a  ho- 
lution  of  about  23%  alcohol  and  75%  water  should  be  used. 
For  temperatures   below  zero,  use  30%  alcohol  and  70%   water. 

EXCAVATOES 

(See  Bucketa,  Drag  Scraper  Excavators,  Dredges,  Elevating 
Graders,  Grading  Machines,  Shovels,  and  Trenching  and  Ditching 
Machines.) 
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SECTION  38 
EXPLOSIVES 

XatTiTc  of  Ezplosire  Aotlon.  The  value  of  explosives  in  con- 
Btruetion  wark  is  derived  from  the  volume  of  gas  generated  upon  . 
detonation  or  explosioii,  and  the  speed  at  which  the  generation 
takes  place.  The  pressure  of  the  generated  gases  is  equal  in  all 
directions  (contrary  to  the  belief  of  many  "practical  men"), 
but  a  Blow  burning  black  powder  will  take  many  times  aa  long 
to  generate  the  gas  as  a  detonant  like  nitroglycerine.  Dyna- 
mite will  shatter  a-  rock  without  even  a  mud  cap,  because 
the  gases  are  liberated  with  sueh  extreme  velocity  that  the  effect 
is  produced  on  the  rock  before  the  atmospheric  air  can  overcome 
its  own  inertia  and  yield. 

Onnpowder.  There  are  the  following  general  classes  of  black 
powder  manufactured: 

Nitre  Powder,  the  highest  grade,  consists  of  75%  saltpetre 
(KNO,),  15%  ihartoal,  and  10%  sulphur  It  usually  comes 
in  25  lb   kegs,  and  costs  about  $9  25  per  keg 

Soda  Powder  contains  sodium  nitrate  (Na  NO,)  which  de 
tcriuratea  in  time  by  abtorhing  moisture  from  the  air  It 
usually  comes  in  25  lb  kegs  and  costs  about  $2  25  The  average 
weight  of  loose  powder,  slightly  shaken,  is  62'^  lb  per  cu  ft , 
or   1    lb    occupies  2S  cu    in 

Tudson  Powder  which  is  a  free  running  black  powder,  comes 
in  50  lb  ke^i  and  costs  about  $7  25  and  under  It  is  a  soda 
powder  and  contains  from  ft  to   10%   of  nitrogljcerine 

Nilroglycenne  5% 

Sodium  nitrate  64% 

Bulpbnr  K'Ti 

Caanel  cos]  15% 

Dynamite  consists  of  any  absorbent  or  porous  material  satu 
rated  or  partly  saturated  with  nitroglycerine.  The  absorbent 
i»  called  the  "dope."  If  40%  of  the  weight  of  dynamite  is 
nitroglycerine  it  is  known  as  40%  dynamite;  it  75%,  it  is 
known  as  75%  dynamite. 

High  explosives  are  usually  packed  in  eases  containing  25  and 

50   lb.     "  Car   load  "  means  20,000  pounds  dynamite  net  weight, 
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except  where  the  railroad  requires  a  larger  minimum  quantit}', 
in  which  event  that  minimnm  quantity  is  considered  a  car  load. 
Prices  on  200  pounds  or  more  uauaily  include  delivery  to  the 
nearest  freight  station.  The  prices  of  high  explosives  vary  in 
the  different  sections  of  the  country  aa  much  an  $2.00  or  $3.00 
per  one  hundred  pounds.  For  instance,  in  greater  New  York  and 
most  points  in  Colorado  and  Florida  they  are  high;  in  Maryland, 
Pennsylvania  and  the  greater  part  of  New  Jersey  they  are  low 
as  a,  rule.  The  price  in  any  section  is  liable  to  chanire  without 
notice  and  their  variation  is  due  to  many  different  causes,  such 
as  high  or  low  freight  rates,  local  ordinanres  regarding  the 
method  of  delivery,  etc.,  heace,  the  ratee  given  below  are  aver- 
age and  are  mainly  of  use  in  determining  the  relative  prices  of 
different  kinds  and  grades  of  explosives. 

AvEBAoE  Pbices  of  Hioh  Explosives 

Slreneths  Price  per  IMIb. 


P^tUISSIBLE  ExPLOBIVEB 


M  per  100  lb. 
LesB  than  ton 


Red  Cross  Explosives  are  especially  valuable  in  cold  weather 
because  although  they  will  freeze,  they  do  not  freeze  rMidily  and 
will  thaw  when  ice  melts.  Identical  in  appearance  and  similar 
in  action  to  other  standard  grades. 

Ammonia  Dynamite  has  a  strong  heaving  and  rending  effect, 
producing  a  minimum  of  fine  material.  Fumes  not  objectionable. 
DifDcult  to  ignite  by  "  aide  spitting  "  of  fuse.  Suitable  for  open 
or  underground  work. 

Semi- Gelatin  is  an  excellent  explosive  for  wet  work.  No  ob- 
ject ionahle  fumes, 

Qelatin  Dynamite  ia  dense,  plastic,  fumes  not  objectioDabl«. 
Little  affected  by  water. 

Blasting  Oelatln  is  a  very  high  power,  quidc-acting  explosive 


is  So 
<3|^ 
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with  good  water  resisting  qualities  and  a  lack  of  objectionable 
fumes.     For  use  in  rocit  too  hard  for  80%  Gelatin  Dynamite. 

A  "  permisBible  explosive "  is  one  which  has  been  approved  by 
the  United  States  Government  as  "permissible  for  use  in  gaseous 
or  dusty  coal  mines." 

Monobel  No.  2  and  Carbonite  No.  1,  are  recommended  for 
anthracite  coal,  bituminous  coking  coal  and  other  coal  where  a 
quick  acting  explosive  is  needed. 

Monobel  No.  3  and  Carbonite  No.  4  are  slower  in  action,  and 
should  be  used  where  a  maximum  of  large  lump  Is  desired. 

Carbonite  No.  2  is  slower  than  No.  1  and  quicker  than  No.  3. 

Monobel  No.  1  is  designed  for  use  in  quarries  and  ore  mines. 
It  does  not  require  thawing,  and  is  practically  fumelesa. 

Judson  powder  is  intermediate  between  dynamite  and  blasting 
powder.  It  is  especially  valuable  in  soft  and  friable  work. 
Judson  E.  R.  P.  has  already  been  described. 

Judson  F,  FF  and  KFF  are  put  up  in  cartridges  like  dynamite. 

The  weight  of  dynamite  per  inch  of  stick  is  about  as  follows, 
and  all  of  the  grades  weigh  about  the  same  per  btick: 

DiB.  of  stick  (in.)  W(.  per  in .  of  length  (lb.) 


EXPIOSITES  SrOAE  HOUSES 

Professor  Courtenay  de  Kalb,  in  bis  "Manual  of  Explosives," 

"Storage  (of  explosives)  in  caves,  tunnels,  earth  or  stone  cov- 
ered vaults  and  in  log  structures  should  under  no  circumstances 
be  tolerated;  The  chief  objection  in  all  theses  cases  Is  that  the 
structure  will  hold.dampnesH,  and  any  dampness  in  a  magazine 
containing  any  explosive  into  which  nitrates  enter  as  an  essential 
or  accessory  ingredient  is  certain  to  affect  Its  quality  and  render 
it  more  or  less  dangerous  in  subsequent  use.  This  applies  to  gun- 
powder   {common  black   powder)    and  to   practically  all   dyna- 

Professor  de  Kalb  recommends  a  building  of  tongued  and 
grooved  boards,  blind  nailed,  with  tar-paper  covered  roof,  and  if 
danger  of  lire  is  apprehended,  steel  shingled  covered  roof  and 
walls.  An  ordinary  tool  box  covered  with  tin  or  sheet  iron 
and  painted  red  with  large,  distinct  "  danger  "  signs  on  all  sides 


EXPLOSIVES 
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IB    excellent      Houever,    it    i3    possible    to    obtain    reody    made 
magazines 

On  October  1  1011  MassachuBetts  New  Jersev,  Ohio,  Call 
forma  and  Oklahoma  had  lawa  regulating  di<<tBnceH  at  vhich 
Bpeciflc  quantities  of  exploenes  might  be  stored  with  reference 
to  dwellings,  public  buildinga  railroads  etc  Almost  all  cities 
and  towns  hate  laws  regarding  this  and  all  who  intend  to  store 
evploai\eB  should  inform  themseUes  on  all  state  and  local  laws 
\\  here  no  laws  affettmg  storage  of  evploai\es  are  m  forte,  we 
recommend  that  magazines  be  located  id  compliance  with  the 
American  Table  ot  DistanceEs,  to  wit 


W  here  municipal  regulatio: 
within  ci(y  limits  powder 
pounds  or  less  may  be  kept 
wav^  mark  on  this  magi?i 
Fuse  ma>  be  kept 
e\ceedinp   500 


do  not  prohibit  storing  explosives 
'  dynamite  in  quantities  of  100 
I  a  small  portable  magazine  41 
the  words  Powder  Magazine " 
and  blasting  caps  or  electric  fuses,  not 
keep  magazine  locked 


Sidewalk  Magazine  Wlthont  Wheels  A  magazine  built  of  2  in 
hoards  cohered  tntirth  on  the  outside  with  No  ZO  flat  iron 
having  the  lid  <<ecured  by  ordinary  hinges  and  fitted  with  hasp, 
staple  and  padlock  (ho  magazine  should  be  alloned  to  rest  on 
the   ground  because  powder  absorbs  moisture  ] 

CoiiT 
For    Sa  lb    poisdtr    22    wide  x  27"  [ong  x  17"  high  tlO  U>  t2tl 

For  100  lb   powder   27     «ide  x  27"  lone  x  22"  high  I'  lo  24 

For    Bfl  II),  djnam.ie,  19"  wide  x  £8"  long  x  13    biBh...-.  12  lo  24 

For  IIXI  lb.  dynamite,  19"  vide  x  28"  long  x  22"  higb. ...  14  to  23 

For  20Olb.  dynamite,  26"  wide  x  36"  long  i  22".lilgb..,.  18  to  3fi 

For  300  lb.  dynamite,  25"  wide  i  SO"  long  i  22"  high. ...  22  to  44 
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BldewEiU  HaKaiine  with  Wheel).  Bimilar  to  that  without 
wheels,   but   supplied   with   four   e-ln.   cast   iron   wheels   <m    the 

outside  at  the  bottom. 

Cost 
(H*8  sftme  dlmenBiODs  u  those  without  wheek) 

For    SO  lb.  powder  fl!  to  tU 

For  100  lb.  powder  14  to  » 

For    60  lb.  dynamilo  1*  to  n 

For  lOd  Ih,  djnamite  16  to  3S 

For  300  lb.  drnomile  20  to  « 

For  300  lb.  dynBinilB  24  to  48 

Iron  HagrazlneB  for  storingi  explosives  are  of  two  kinds;  the 
portable  sidewalk  magazine  on  wheels,  and  the  storage  maga- 
zine. The  former  in  furnished  in  five  sizes  from  that  with  a 
capacity  of  eight  kfga,  size  24x23x36  in.,  weight  150  pounds, 
price  $35  f.  o.  b.  Ohio,  to  that  with  a  capacity  of  thirty  kegs,  size 
30x30x50  iu,  weight  450  pounds,  price  $S5.  The  latter  kind 
comes  ID  ten  sizes,  from  the  smallest,  capacity  108  keg«,  size 
3x0x6  ft.,  weight  800  pounds,  price  $115,  to  the  largest,  capacity 
1,84R  kegs,  size   1)  x8x21   ft,  weight  4,700  pounds,  price  $675. 

General  Speolflcatloui  for  Sand  Filled  Dynamite  Kafatlne  are 
as  follows: 

Foundfttiona : 


Sille  uid  PlHles: 
Studding; 

Lining; 


It  a  poa 
and  ch 

If  brick 
ISinch 

foundation 
rred  or  larr 

fMti^''MU 

^uir.rrwTrj^'t 

r>e,'^fl'u    Uid    with  'i.^    or 

"S 

™"o!;*i!dStion''u'^'u^'' 

may  be  laid  dir 
wall   need   not  b 

s^l 

iS-.UtJESd 

S''"" 

nd' Mikd,  or  1-ln 

T4-in.  tongue  and  groore,  or  shiplnp. 


ed.    Do  not  use  grarel 
spaced  24  in.  o.  to  C. 


cConi^lu 
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iTo?  "" 

" 

or  No. 
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il  In 


.    Veutila 


Pot  ■toriDgl.im  lb.,  lin  flxB  ft I  80  U  RM 

For  MoriDS  t.tm  lb.,  liie  <  i  T  ft IM  to    IM 

For  «lonna  a.O'l'llb.,  iiw  T  »  7  ft IBO  to    18» 

For  ilorin?  4,1110  Ih..  siie  7iS  ft Hil  to    200 

For  storiDB  5.000  lb.,  ilie  SxB  fl 160  to    240 

Distance  from  ground  to  floor,  3  feet.  From  floor  to  eaves, 
6  feet. 

Brlek  IKasaclne.  These  hnve  S  in.  walls,  have  floors  of  and  are 
lined  with  %-in.  plank,  and  have  roof  covered  with  corrugated 
galvanized  iron. 

Cost 


For  ■(OTiDK  1,100  lb.,  I 
For  Moring  2,000  Ih.,  i 
FOr  iloriDi  t,inn  bl.,  i 
For  atorlng  l.mn  Ih..  i 
For  Roring  E,000  lb,,  i 


I   g  ft.   . 


. .  ns>  to  iiA> 

. .    140  to    !W 

. .  len  to  220 
. .  ISO  to  no 
.  SDOto  tsa 
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SECTION  39 
riEE  EttUIPMENT 

Chemical  Engiiiea-  This  engine,  Fig  ItSl,  has  proved  to  be  a 
most  valuable  piece  of  fire  lighting  apparatus  for  use  in  uare 
houses,  fai^tories,  lumber  yards,  private   residences,  etc 

The  construction  consista  of  a  forty  gallon  steel  cylinder 
tinned  inside  and  out,  set  up  on  tno  suttable  wheels  42  inche<< 
in  diameter,  either  of  the  sarvan  or  all  steel  wide  tire  pattern, 
the    cylinder   being   properly    balanced    between    the   two   wheels 


Fig.  101.     Chemical  Engine. 

so  that  when  the  engine  is  set  upright  on  its  bottom  the  wheel- 
clear  the  floor  or  ground  suitable  handles  are  provided  by  which 
the  engine  is  easil>  run  from  place  to  place  and  when  required 
for  village  fire  department  ine  a  suitable  drag  rope  ii  furnished 
The  equipment  coniist«  of  50  ft  ?iin  chemical  hoie  with 
couplings  and  shut  off  nozzle  Dimensions  height  52  inches 
diameter  16  inches  width  over  hubs  of  wheels  ^5  inches  track 
21)  inches 

Finished  in  aluminum    bron<v  or  any  lolor  Tapan 
Charge  consists  of  17   It    hi  carbonate  of  soda   and   10  lb    sul 
phuric  acid 


FIRE  EQUIPMENT 


The  price  of  this  engine,  lead  lined   ie  $100  net. 

A  lire  extinguisher   aimllar  to  the  one   pliown    in   Fig.    163   is 


Fig.    162.    Standard  Underwriter  Equipment. 


made  of  copper 

costs   «13.00   net.     An 

SO  50. 

Carbon   Tetrachloridi 


tested  to  350  lb,  pressure.     The  3  gal.  size 

extra  charge   for   this   extinguisher   costs 


Fig,   103.     Fire  Extinguisher. 


i\r.eB.    One  having  a  capacity  of  1^  quarts  costs  $12,  an  .extra 
liarge  costs  tl.SS.     1%  quarts  capacity  $16,  extra  char^<2.60. 
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One  gal.   can   of   fluid   {5.00.     These  extinguisliers   are   mode   oE 
brass  and  are  worked  by  &  pump  handle 

Standard  Usdebwbitek  Equipment 
(As  jlluatrated  in  Fig.  162.) 

Sleel  crowlwr   11.25  fieh 

Fire  hooka    i  M  each 

Fire  o>B 2,25  eaih 

Ho«e  Bpaonera i^  each 

GalTaDiied  iroa  pails,  10  qt 6.00  doi. 

Linen  Fire  Hose  tented  to  SOO  lb,  preeeure,  in  50  ft.  lengths  with 

couplings  costs  as  follows: 

Sii"  in  FricK 

inchea  .  pertt. 


Cotton  Knbbei  Llaeu  Eoie  c 


Fig.  104.    Linen  Fire  Hose. 

1'  various  styles  and  finishes.     An  i 


c.  Google 


SECTION  40 
FOEGES 

A  email  rivet  forge  of  the  lever  type  weigha  80  !b.,  and  coats 
with  hood  $14.50.  A  similar  forge  operated  by  a  crank  gear 
costs  $25.00. 

A  larger  forge  similar  to  the  one  shown  iq  Fig.  165  is  suitable 


Fig.  laS.     Forge. 

for  horse  shoeing  and  small  repair  work.  These  forges  a 
in  a  wide  variety  of  styles  and  sizes  and  cost  from  $40 
They  weigh  from  200  to  400  lb. 


8tone  or  Ballart  Forks.    Net  prices  for  extra  jrradea  atone  c 
ballast  forks  in  quantities,  at  Chicago,  are  as  follows: 
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Width 
Pork 


Length  Width  Weight 


»   13M  UU  76  J20.00  I 

10 13%  IIW  88  25.D0  I 

12   UW  13K  »«  29.00  I 

The  above  prices  are  for  forks  with  natural  finish,  wide  strap  | 
ferrules  and  heavy  caps,  with  wood  "  D "  ash  bandies. 


FORMS 

Building,  light  wall  and  foundation,  and  column  eteel  forma 
may  be  either  purchased  or  leased.  For  miBcellaneoua  work  such 
as  foundation  construction  or  house  building  it  may  be  economi- 
cal to  purchase  a  suitable  outfit  of  moderate  size,  as  the  forms 
can  be  used  over  and  over  again.  For  the  larger  jobs  it  is 
usually   more  economical   to   lease   the  necessary  forms. 

Building  forms  for  contact  surface  work  may  be  rented  at 
about  $0.25  per  sq.  ft.  This  includes  the  labor  of  handling  the 
forms  on  the  work. 

Steel  forms  for  light  wall  and  foundation  work  may  be  rented, 
and  cost,  together  with  the  furnished  labor,  about  $1.00  per 
sq.    ft. 

Column  forma  used  with  flat  slab  con^»truction  are  rented  at 
¥21.00  per  column  form  including  the  labor  on  the  job.  For  use 
with   beam  and  girder  construction  the   cost   is   about   $18. 


c.  Google 


FUENACES  AND  KETTLES 

(Sec  Asphalt  plants.) 

A  gasoline  lead  or  leadite  furnace  (Fig.  166)  is  made  in  eev- 
ral  gizea.  The  small  size  furnace  liati  a  gaHoline  capacity  of 
:  gal.,  the  pot  hail  a  capacity  of  200  lb.;   it  ia  fitted  with  three 


Fig  166.     Gasoline  Furnace. 


burners  and  coats  $52.00  f.  o.  b,  factory.  A  larger  size  has  a 
gasoline  capacity  of  6  gal.!  it  has  a  pot  capacity  of  325  lb.  of 
lead  or  60  lb.  of  leadite;  it  w^ghs  approximately  170  lb.  for 
shipment  and  costs  $54.00  f.  o.  b.  factory. 
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A  lead  melting  furnace  eimilar  to  the  one  shown  in  Fig.  I6T 
is  made  in  the  following  sizeH.  Tile  price  includes  pot,  bar,  grate 
and   ladle. 


Fig-  167.    Lead  Melting  Furnace- 


Kerosene  Furnai'e. 
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Pressed  ateel  pouring  pots  are  made  in  sizes  of  from  50  to  125 
lb.  capacity  and  cost  from  $4,50  to  $7.00.  Heavy  cast  iron  melt- 
ing pots  are  made  in  sizes  of  from  200  to  700  lb.  capacity  and 
cost   from   $«,00   to  $16.00. 

A  portable  kerosene  lead  melting  furnace  (Fig.  108)  costs  as 
follows : 


Capscityot  Oil  raniiuiiiption  Appro 


pot  in  lb. 


f.  0. b,  factory 


Fig.  1S9.     Tar  Heating  Kettle. 
Tar  Heating  Xettles.    Cost  as  follows: 

2  Wheel  Kettle 
0*|i>Fity  Approximal^Bhip. 


A  pouring  pot  having  a  capacity  of  4  gal.  with  a 
^  priced  at  $6.00. 


SECTION  44 

QRADINQ  UACHINES 

(See  a.lso  Elevating  Graders.) 

Machines  which  move  earth  b;  sliding  or  rolling  over  the 
ground  and  by  either  pushing  the  earth  before  them  or  into  them 
by  a  combination  of  the  two  actions,  thereby  conveying  the  earth 
to  the  place  of  deposit,  are  known  variously  as  scrapers,  road 
machines,  graders,  spreaders,  level ers,  etc.,  and  are  of  manv 
tj-pes. 

The  commonly  used  scrapers  are  of  three  kinds;  wheel,  drag 
and  buck  or  Fresno.  In  all  three,  as  in  the  case  of  all  scrapers 
and  levelers,  except  wliere  the  soil  is  very  sandy  and  loose,  the 
earth  must  first  be  loosened  by  plows  or  picks.  In  the  three 
kinds  of  scrapers  the  cutting  edge  of  the  machine  digs  into  the 
soil,  titereby  loading  itself,  and  the  drag  scraper  slides  over  the 
ground  carrying  its  load,  the  wheel  scraper  rolls  along  carrjini; 
its  load  and  the  Fresno  scraper  both  drags,  and  carries  and 
pushes  a  load  in  front  of  it. 

Drag  scrapers  are  efficient  for  a  short  distance  only,  from  50 
to  100  feet,  while  Fresno  scrapers  can  be  used  economically  up 
to  about  275  feet,  when  wheel  scrapers  should  be  substituted. 
Tlie  drag  scraper  is  pulled  by  two  horses  and  the  driver  dumps 
the  scraper  as  well  as  drives.  An  extra  man  is  usually  needed 
for  loading.  In  the  Oase  of  the  Fresno  scraper,  which  is  usually 
pulled  by  three  or  four  horses,  the  driver  is  abl.e  to  both  load 
and'  dump  the  machine  and  to  spread  the  earth  to  the  proper 
depth  while  dumping  it.  The  wheel  scraper,  however,  needs  a 
loader  and  an  extra  snatch  team  at  the  pit. 

Wheeled  Scrapers.  The  theoretical  capacities  of  wheeled 
scrapers  cannot  be  attained  in  actual  work,  the  actual  being 
about  one-half. 


W..ight 
In  lb. 


Prita 


l;.  GoO(^l(J 
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RepalTS.  Six  new  wheel  scrapers:  first  cost,  $45.00  to '$60.00. 
Repairs  for  6  months  averaged  $2.60  per  scraper  per  month; 
life,  4  years.  Second-haii<1  wheel  scrapers,  original  cost  $45  00  to 
S50.0D.  Repairs,  blacksmith  at  $3.50  per  day  over  a  period  of 
3  months,  averaged  $3.50  per  scraper  per  month;  lile,  4  yeare.i 


Fig.  170.    Wheeled  Scraper. 

These  scrapers  were  two  or  three  fears  old   when  these  data 
were  collected. 

Drag  Scrapers   likewise  hold   about  half  the   listed  contents. 


Fig  171.    Drag  bcraper. 
Double  Bottou  Dkag  Scb&febs 


Prices  of  the  double  bottom  scrapers  are  f.  o.  b.  Chicago. 
Presno  Scrapers.     This  type  of  scraper  is  ideal  for  building  rail- 
road embankments  from  side  ditches  and  for  wasting  earth  talr 
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from  cuts  when  the  earth  is  free  from  large  stones  and  Toots. 
It  has  been  the  author's  experience  that  if  the  ecraper  is  pulled 
at  right  angles  to  the  line  of  the  plow  furrows  the  loading  will 
be  completed  in  a  much  shorter  time  than  when  the  scraper  is 
pulled  parallel  with  the  furrows. 


.,  E-Eoot  cnltiDE  edce,  capacit;  18  en  ft.,  migtit  300  lb.  t2S.Ea  to  f30.S0 
t.  4  foot  cultiQE  edge,  capacity  It  cu.  It.,  weight  276  lb.  2Sm  to  SO.IM) 
I,  SU-ri.  cuttiDK  edge,  capacity  IS  ca.  It.,  weiglit  250  lb.    2T.50  to    W.K 


The  listed  capacity  of  the  Fresno  Scraper  hag  been  found  by 
the  author  t«  be  about  twice  the  actual  place  measure  capacity. 

The  following  notes,  covering  an  exhaustive  examination  of 
economic  scraper  work,  are  from  an  article  by  the  writer  in 
Engineering  and  Contracting,  1914.     The  prices,  wages  and  costs 

The    Economic    Handling    of   Eartb    by   Wheel    and   Tresno 

Scrapers.  The  cost  of  earth  moving  is  a  substantial  factor  in 
the  total  expense  of  nearly  all  construction  work,  and  a  consider- 
able part  of  all  earth  moving  operations  is  for  work  where  it  is 
not  economical  to  use  locomotives  and  cars,  either  because  of  the 
length  of  haul  or  because  the  magnitude  of  the  work  is  not 
sufficient  to  Justify  the  preparatory  costs  of  a  large  plant. 
Under  such  conditions  a  choice  must  be  made  between  wagons  or 
carts  and  one  or  more  of  the  various  types  of  scraper. 

A  careful  study  and  analysis  of  scraper  work  was  made  under 
the  direction  of  the  writer  by  Mr.  A.  C.  Haskell  for  the  Construc- 
tion Service  Co.  of  New  York,  and  the  results  are  given  below 
to  enable  those  who  have  scraper  work  to  make  rapidly  and  con- 
veniently those  computations  without  which  no  work  of  this  kind 
can  economically  be  done.  The  general  economic  formula  for 
transportation  is  as  follows; 

Sfmbot  Factor 

0   The  lotBl  expeoaee  per  day  lo  centB, 

ic The  net  load,  for  the  average  Mtp,  In  pounde.  or  other 

fl   The  speed  (average)  when  loaded,  in  feet  per  minute. 

&S    The  gpeed  (ayeraga)  when  leturning,  in  feel  per  min- 

D   TheleDfth  of  haal  in  feet. 

1 ...The  time  lost  In  turning,  resting:,  and  wutfd  tor  an 

Rl    The  total  cost  in  cents  per  ton  for  transpartatlDn. 

W    The  number  of  minntea  in  the  working  day. 

The  following  facts  are  deducible  atgebraleaU; : 


ir  the  empty  haul. 


cCooi^lu 
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O 

l-i ActosI  lime  not  occupiBd  in.  trausporllnB  mtterUI 

eTtge  time  for  one  Toand  trip,  in  mlnnlcB. 


H^^ih 


...ATerige  number  of  trips  per  day.    This  value  must 
an  iDtegril  qnintitr,  (or  the  BTerage  work  far  >' 


AietBEfl  total  unonnt  traniported  per  day. 


"(-i)- 


B=C ' Coat  of  tranaporlBlion  per  pound,  or  other  cODTBUieDt 

The  value  for  C  will  depend  upon  the  number  of  horses  used 
in  a,  team,  whether  extra  teams  are  employed  in  loading,  tbe  gen- 
eral organ izftt ion  of  the  gang,  and  to  a  ieeser  extent  on  the  coat  of 
repairs  and  depreciation  of  the  scrapers  themselves.  The  value 
K  of  the  net  load  will  depend  entirely  upon  the  type  and  size  of 
equipment,  and  the  care  with  which  loading  ih  done.  It  is  likely 
to  vary  much  more  with  wheel  serapera  than  with  Fresnos,  In 
heavy  ground  which  has  not  been  well  loosened,  particularly 
where  there  are  many  roots  of  trees  and  occasional  boulders,  the 
wheel  scrapers  often  fail  to  get  more  than  a  80%  or  70%  load. 
The  value  for  w  was  determined  by  taking  the  average  of  several 
hundred  trips,  the  amount  of  each  load  being  estimated  by  tbe 
inspector  on  the  basis  of  the  space  occupied  loose,  multiplied  by 
a  density  factor  and  afterward  checked  by  the  place  measure  com- 
putations. The  check  on  the  wheeler  capacity  was  not  so  accurate 
as  that  with  the  Fresnos,  in  which  case  the  computed  amounts 
from  Bevera)  cellar  excavations  checked  the  estimated  loads  within 
5%. 

In  a  well  organized  scraper  gang  the  speed  loaded  and  that 
light  are  fairly  constant  for  constant  conditions,  changing  as  soon 
as  the  local  conditions  vary.  These  conditions  are  the  wetness  of 
the  ground  hauled  over,  the  "  sea  room  "  available  for  each  team 
and  the  grades  and  curvatures  along  the  line  of  haul.  The  length 
of  haul  is  nearly  always  a  constantly  varying  quantity.  Its 
average  value  was  determined  by  measuring  it  at  regular  inter- 
vals, and  averaging  the  figures  thus  obtained.  The  time  lost  in 
turning,  loading,  etc.,  varies  somewhat  but  for  a  given  set  of  con- 
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dltioDB  was  taken  as  an  average  of  a  large  number  of  obeeiTH- 
tioDB.  The  data  obtained  in  thi»  way  by  an  inspector  who  timed 
Bcrapers  for  two  hours  or  so  each  day  were  afterward  com- 
pared with  a  count  kept  by  a  boy  with  a  tally  machine  at  the 
dump,  reHuiting  in  very  close  agreement,  except  that  the  average 
coBtB  obtained  by  the  time  study  method  were  nearly  always  a 
few  per  cent  less  than  the  probable  actual  costs  kept  by  the  tally 
boy  over  the  whole  day's  work.  The  main  reason  for  this  seemed 
to  be  that  when  under  the  eye  of  an  inspertor  with  a  watch  in  one 
hand  and  a  note  book  on  his  knee  the  drivers  keep  their  teams 
going  a  little  faster  when  not  loaded  and  are  a  little  more  prompt 
in  dumping  and  turning  than  when  observed  by  a  boy. 

In  the  following  tables  the  columns  headed  "Transportation 
Cost "  show  the  cost  for  actually  moving  the  material,  while 
the  columns  entitled  "Static  Cost"  are  for  the  cost  of  waiting 
at  the  loading  point,  loading,  dumping  and  mincpllaneous  delays. 
No  account  is  taken  of  extraordinary  delays,  sucJi  as  breakdowns, etc. 

Wheel  Scraper  Work.  The  following  observations  of  wheel 
scrapers  cover  a  period  of  some  three  months  and  were  made 
under  various  conditions. 

The  wheel  scraper  is  a  modified  form  of  the  drag  acraper,  being 
auspended  between  two  wheels  in  such  manner  that  the  pan  drags 
along  the  ground  when  loading  and  then,  when  full,  may  be  raised 
by  a  aystem  of  levers,  so  that  it  rides  suspended  several  inches 
above  the  ground.  The  operation  of  loading  ordinarily  requires 
the  assistance  of  a.  two  or  three-horse  spatcb  team  and  driver, 
and  a  "  loader  "  whose  duty  it  is  to  lower  the  pan,  guide  it  while 
being  Ailed  and  to  raise  it  when  full.  At  the  dumping  point  the 
pan  ia  unhooked  and  lowered  and  the  dumpman  by  an  upward 
thruat  upon  the  attached  handle  causes  the  pan  to  make  a  quarter 
turn,  thus  dumping  and  partially  spreading  the  material. 

Distinction  has  been  made  between  wheelers  in  loam,  clayey 
loam  (Table  IJ,  etc.,  and  wheelers  in  sand,  fine  gravel,  etc.,  owing 
to  the  fact  that  the  nature  of  the  soil  materially  affects  the  aize 
of  the  loa<l,  and  consequently  the  speed  of  transportation  more  or 
less.  Although  it  may  take  less  time  to  get  a  full  load  in  soft 
sand,  it  usually  takes  more  time  to  get  started  after  the  snatch 
team  has  been  unhooked  owing  to  the  wheels  being  deeply  buried 
And  during  transit  the  sand  will  waste  much  more  than  the 
loam,  so  that  the  load  actually  dumped  is  conaiderably  less. 

Id  Table  I  column  12  gives  values  of  R  in  the  transportation 
formula. 

From  Table  I  it  will  be  seen  that  the  average  cost  per  cubic 
yard  was  6.2  ct.  for  the  fixed  or  static  coat,  which  includes  cost 
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of   loading,   dumping  and   idle  time,   and  4.1   ct.  per    100  ft.   of 
haul  for  the  transportation  cost,  based  od  the  time  stndj  flgnreo. 

Table  I. —  Wheel  Scbaperh  in  Loah  and  Clatkt  Loah. 

(Arranged  in  order  of  static  charge.) 


1)31) 

!4 

B 


r  15^ 

11.3       3.0 


1.48      3G.3      63.3    £3.0 


1.64  19  .S  73.2 
2,05  3*  ■  89,0 
I.S9      21,2     92.4 


S.O    IS.S 

g!6  it!g 


9,2      SS       4.5 


In  the  HbOTS  table  alibrerlations  Bre  u  lollDws : 

No.    Sc Number  of  irrspera  at  work  in  gang. 

D     LfDElh  of  loaded  hani,  feet. 

D' L*ng(h  dI  empty  hanl,  feet. 

a Rate  of  tr»e1,  loaded,  feet  per  minute. 

K8    Rate  of  travel,  emptT,  feet  tier  minute. 

K  Ratio  of  empty  speed  to  loaded  Bi)eed. 

Load  O.  y Siia  of  load  carried  in  cubk  yardi    place  meuare. 

1    All  time  except  that  in  actual  transit  to  or  from  dump. 

Other  "1"  lime Other  loat  or  idle  time;  that  in  addition  to  loading  lime. 

The  observations  in  Table  II  were  made  where  a  road  had  been 
cleared  through  the  woods.  The  ioil,  a  rich  loam,  was  more  or 
less  interspersed  with  roots,  to  extricate  which  required  the  latxa 
of  two  men.  In  tbia  ioHtance  the  static  cost  is  high,  due  in  a  mea- 
sure t«  the  time  required  to  load.  Owing  to  the  roots  running 
through  the  soil  sometimes  it  was  necessary  to  make  more  than 
one  attempt  to  load,  but  good  full  loads  were  obtained,  which  ia 
reallj  more  essential  than  taviog  a  few  seconds  and  starting  lor 
the  dump  with  a  half  loaded  scraper.  i[^ 
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The  prinripal  thing  to  be  called  to  attention  here,  however, 
ia  a  fault  very  frequently  obKrved,  the  wrong  apportionment 

of  scrapers  to  length  of  haul.  In  this  ease  there  were  too 
many  for  ao  short  a  haul,  thereby  causing  frequent  delays  both 
at  the  loading  point  where  they  became  hunched  and  en  route  to 
the  dump,  which  forced  up  the  static  coBt.  The  rate  of  progress 
in  transit  was  also  reduced,  especially  on  the  return  from  the 
dump,  as  is  shown  by  KB.  when  the  teams  were  obliged  to  slow 
down  to  allow  those  ahead  room  to  turn,  load,  etc.  This  is  a  state 
of  affairs  which  should  never  he  permitted :  scrapers  should  main- 
tain a  steady  progress  in  both  directions,  and  at  no  time  should  a 
scraper  be  obliged  to  wait  idle  at  the  loading  point  for  the  ones 
ahead  to  be  loaded. 
Table  II. —  Wheel  Scbaper  Wohk,  Loah,  Odstbccted  bt  Roots. 


TranaportlnE      Delays.iiicladinK 


D— Loaded  Iiiul  .123' 

D'— Emplji  haul   ....  IM' 

a— 12G'  28  aec 26S  ft.  per  m 

K3— ISV  1  m..   It  B..la>  It.  per  m 

K— IBO/SBS 0.68 

I    .. .-. 2  mla.,  03  ca 

D/8  +  D'/K9    1  min..  SS  »». 

w   0.426  cu,  yd. 

C «95/l  =  10W 

W    , SOOmln. 


4  iCTspeni  Bt  1S.50 122.00 

lanslch  Mam  and  drjier....    7.50 

1  loidfr 2.M 

Idumpman     1.6B 

1  warerbof    1.00 

Itoremso    6  55 

140.96 


1.  tUtIc  fMt  +  6.5  H 


R X =  1B.2  ct   per  cu.  ; 

BOO       0.42^ 
haul. 

The  observations  in  Table  III  were  taken  where  the  top  aoll 
was  very  dry,  clouds  of  dust  being  raised  at  each  attempt  to  fill 
a.  scraper. 

Both  the  static  cost  and  the  transportation  cost  per  100  ft. 
of  haul  are  excessive.  The  former  is  due  partially  to  the  time 
wasted  at  the  dump,  which  observation  showed  to  be  prolonged 
beyond  all  necessity.  Drivers  wer«  wont  to  stop,  take  long 
turns  about,  etc.,  when  really  there  was  no  need  of  stopping  at 
all,  and  the  scraper  should  have  been  turned  about  immediately 
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Table  III.— Wheel  Scbapeb  Work  in  Vebt  Dby  Loam  (IBU). 

pnpariDg  Tnosnartins  TrsUBporting 

lo  hMd.         Loading.  loaded,        DnmpinK.  empty.  Delara. 

UiD,    Sec.      M<a.    Sec.      Uin.    Sec.     Mis.    Sec.      Uin.    gee,       Hin.    See. 


Av-0       S3.S        0         11.2       1         16.2        0 

D— I,o«Hled  hiinl  J75' 

D'— Empty   lunl    ..,.826' 
8— 2TS  1  m,  1«.2  ■....216'  min. 
KS— «K  Z  m.  3X.4  g. .  .EM  min. 

K-8«/a«    LIS  , 

1     1   min.  63.B  sec.  ' 

D/S  +  D'KB    3  min.  4S.6  aec. 

-  0  296  CO.  yd. 

838.33  ct. 

...600  min. 


tSS.SS        5.72 

-  =  2T.0  ot,  pec  cu.  yd.  —  8.3  cl 


800         0,2M 

after  dumping,  in  the  eburtest  poesible  radius.  The  exceSBive 
transportation  coat  per  100  ft.  haul,  to  which  may  be  directly 
traced  the  high  coat  per  cubic  yard,  was  owing  to  the  extremely 
long  empty  haul  D"  aa  compared  to  the  loaded  haul  D,  whereby 
considerable  time  was  consumed.  The  haul  should  always  be 
the  shortest  route  to  the  dump,  and  the  return,  if  it  is  not 
feasible  to  use  the  same  route,  should  be  as  direct  as  possible. 
The  loads  were  small,  due  to  the  dry,  dusty  nature  of  the 
material,  which  coutd  not  be  heaped,  and  wasted  considerably  en 
route  to  the  dump,  which,  of  course,  ruus  up  both  static  and 
transportation  costs. 

The  obwrvations  of  Table  IV  were  made  where  a  gang  was 
removing  top  soil  from  a  piece  covered  with  tall  weeds,  the 
roots    of   which    prevented    full    loads.     The    soil    was   dry    and 

Here  is  another  example  of  too  many  ecrapers  for  the  length 
of  haul.  This  fact,  combined  with  the  small  loads,  produced  the 
high  coats.  The  time  "  Waiting  and  Preparing  to  Load  "  is  alto- 
gether too  high.  The  speed  ES  on  the  return  is  less  than  S  loaded 
speed.  When  this  state  of  affairs  exists  it  can  invariably  be 
traced  to  too  many  scrapers,  for  they  become  bunched  about  the 
loading  point  and  the  returning  drivers,  seeing  this,  slow  down, 
thuH  wasting  considerable  time. 

D/8(l  +  im  +1 

In  the  formula,  R=  C    all  the  quantities 

WW 
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Fig.  172.  Curves  Showing  Coats  Per  Cubic  Yard  of  Handling 
Loam  and  Loam  Clay  with  Wheel  Scrapers  for  VariooB  SiCM 
of  Load  and  Length  of  Haul  {19X4  Figureg). 


Waiting  and 
HID.    8ec.     1 


22.1 


16 
17.9 


2t 
08.5 


B-860.  1  mln„  08.5  mw...  18  p<t  min. 

K-21«/il8  .".'."■■I-.''..  ^"'■"99^'^  '""'■ 

Wa+iy /SB '"'.'.'■'." '".2  min:  53.a  see! 

w     .7....'. ".»«  cu.  yd. 

0.^-5580/7  797   cl. 

W    

797       513 
B  =  —  X  - —  =  8S.0  ct.  per  ou,  yd.  =  1 

^  MO      0.296 


Coel  of  T  BCTRper  eane KS.SH 
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a  iM  CALODtATiiTo  CunTEa  Pio.  172  fob  Wheel  Sceap- 
a  IN  LoAU  AND  Clayky  Loau  (1914  Figures). 


wL  SW  wj  wL   20BX 

=  -  I  0,0ia66  D  +  23  I 


w 

D  -  W 

BOft- 

lOOO' 

M 

S.H 

M 

:s 

35.44 

may  have  fixed  values  determined  friim  observation  assigned  to 
them,  exeept  W  and  D,  the  load  and  haul,  which  will  vary  ac- 
cording to  the  kind  of  scraper  employed  and  the  nature  of  the 

Curves,  Fig.  172,  may  be  drawn  showing  costs  for  .varying  loads 
and   lengths  of  haul. 

The  observations  of  Table  V  were  made  where  the-  material  was 
a  mixture  of  sand  and  loam,  without  enough  of  the  lattev.  how- 
ever, to  lend  stability  to  the  whole.  Boulders  were  numerous, 
often  interfering  with  the  obtaining  ot  good  loadi. 

The  above  costs  are  a  good  example  ot  how  conditions  affect 
results,  and  the  above  method  of  analysis  readily  shows  this. 
The  static  cost,  8.4  ct.  per  cubic  yard,  is  somewhat  above  the 
average,  due  partly  to  the  boulders  making  loading  difficult,  and 
partly  to  the  small  loads  carried  to  the  dump.  But  it  iB  the 
high  transportation  cost  which  attracts  attention.  This  was  due 
to  the  road  to  the  dump  being  exceedingly  rough  and  muddy  lafter 
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Table  V. —  Whixl  Scbapeb  Wokk  in  Sandt  Loau   (1014). 
Biting  and 

Loading. 


prepBring 


ts 


Mia. 


■portins 


Uiu.      Sec. 


Dumpini  and 
Min™'"^. 


60 


Av.O 


».4 


U.S 


tOBcrspen   ac  t6M    tSS.OO   l 

1  ■natch    7.M 

1  loader    23S 

1  Im^".///.'.'.'.'.'.'.'.'.'.'.'.'.    ff.U, 
1  waterbor 1.00 

ITS  .96 


S— 685,  3  min.  1S.6  sec. ..181'  pel 
KB— 6!G.  2  min.  &7.2  see.. 212'  pel 

K— 212/181  1.IT 

I     1  min. 

D/8  +  D7K8    ...6  min, 

w     0.28  lu. 

D— TS9B/1I>  7SS.5ct. 

73.9^      T^S 

a X «  ct.  en.  ji, 

eW)       0.22 

recent  rains,  the  scrapers  sinking  at  times  almost  to  the  hubs. 
The  loads  were  coDseqiiently  email,  wasting  away,  and  the  rate  of 
moving  (41  and  K8]  materially  reduced.  Observations  were 
taken   in   the   afternoon   of  the   same  day   when  a  new   and   less 

Table  VI. —  Scbapeb  Wobk  in  Coabse  Sard  (1914) 


+  B.9  ct,  per  100-fl,  1 


rraoBponinK 

loaded. 


IE  and      Transportini 


40.4 


...585' 


Kg— «10.  2  min.  21   Bpr...269'  pe: 

K— Z6S/220  1.18 

I    2  min. 

D/8  +  D7KS    6  min. 

C— «8,i5/8*  ...'.',..,' 780.6  ct 


Cost  of  t  aeraper  sans  ...tSg.tS 
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diHicult  path  was  used,  and  the  effect  was  shown  directly,  S 
increasing  to  191  ft.  per  minute  and  KS  to  234  ft.  per  minute,  and 
tlie  transportation  cost  being  reduced  1.1  ct.  per  cubic  jard. 

The  observations  of  Table  VI  were  made  where  the  material 
handled  was  a  coarse  sand  with  a  sprinkling  of  loam. 

In  this  instance  the  reverse  of  the  last  case  cited  is  true. 
Here  the  transportation  cost  is  normal,  but  the  static  cost  (which 
shows  fluctuations  in  cost  due  to  all  operations  except  actual 
transportation),  ix  very  high.  Small  loads  were  again  responsi- 
ble in  part,  but  the  chief  reason  wen  because  of  a  long  turn  of 
about  220  ft.  around  a  pool  of  water  at  the  dump.  The  time  con- 
sumed in  making  this  Mttra  long  turn  after  the  material  had 
been  dumped  so  increased  I,  the  time  when  the  scrapers  are  not 
actually  engaged  in  the  handling  of  material,  that  in  consequence 
the  static  cost  was  excessive.  It  will  be  noticed  in  the  time  study 
that  two  or  three  of  the  scrapers  turned  about  shortly  without 
waste  of  time,  and  the  foreman  should  have  seen  that  all  did 
likewise. 

The  observations  of  Table  VII  were  made  where  the  material 
was  a  coarse  dry  sand  which  wasted  a  great  deal  en  route  to  the 

Observation  has  shown  that  high  costs  are  more  often  due  to 


Waiting  .nd 

preparint  Transporling  Dumping  and  Tran«porli 

to  load.         LoadiDB.  loaded.  turning  empty. 

Kin.    S«.      Hin.    8«c.  Min.    Sec.     Hin.    8ec.      Uin.    Sec. 


0         O          0        18  4         IT  0         IS  3         42 

tT.O        34.7       0         1S.E        4         38  0         £4  S         48.S 

)TrD'= 1040'  9  Bcrapera  at  IB.60    .. 


KS---1040/3  mjn.  4B.5  gte.ZTV  min.  1  loader  

K — 276/224  1.28 I  dnmpman    . 

D/8"li  +  '/K)   ".'.'.'.'.'.'.'.'■'.'.'.«  niin.B4,B  »m"'   1  formian"'. . ! 

w   0.2»6  cu.  yds.         1  walerboy    .. 

0-7020/8    780  cl. 

W    SOO  min. 

780       «.72 
B=  —  X— =«.6  ct.  ro.  jd.-B.7  ct.   BtB«c  +  3.6  e 
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arrying  poor  load'*  to  thp  d  mp  than  to  any  other  ca  w  It  will 
he  not  ced  that  n  the  gang  a  hho\elman  was  employed  who've 
duty  t  was  to  follow  a  scraper  as  it  was  being  loaded  and  w  thout 
dela  ng  tl  e  proTP  a  of  the  work  to  fill  up  the  scraper  ax  mu  h  as 
poBBihle  Bv  Ih  s  meaija  the  wedge-shaped  space  at  the  back  o!  the 
seraper  nvar  al  ly  left  empty  1  en  ut-ing  a  snateh  team  alone 
was  filled  Bes  des  caus  ng  mu  h  larger  loads  to  be  del  vered  at 
the  dun  p  tie  a  heme  preyenleJ  the  dr  ers  from  standi  g  n 
th  B  space  and  rid  the  serapers  1  aded  a  th  >  g  frequently 
observed  under  the  e'^cuae  that  t  was  necessary  to  keep  th 
scraper  balan  ed  and  pr  pnt  tl  e  mater  al  wast  ng  ut  the  front 
but  wh  eh  should  under  no  conditions  bs  allowed  The  n  ater  al 
here  vas  \ery  soft  however  ai  d  a  great  deal  wanted  oB  as  the 
haul  Has  rather  long  and  rough  Front  gates  upon  the  scrapers 
rould  1  a  e  made  the  reta  nin"  of  the  good  loads  produced  b\ 
the  ahovclmana  efforts  possible  and  correspondingly  decreased 
the  unit  costs 

In  order  to  plot  curves  for  var  ous  loads  and  length  of  haul 
for  uheei  scrapers  n  sand  average  values  woi  Id  be  subst  tute<l  in 
the  formulas  as  follows    on  the  bas  a  of  a  5  scraper  gan^ 

w  D  -  100  500  lOOC 

C                               896  ct  ]0  3137 

1 7    m  n  I'i  a  3^  81 63 

w                              TSTsbtn  M  19  68  16  22 

3    i!lB  ft.  per  min.           .2S  15.75  3S,9S  6?,r,2 

K     J.l  .SI  mo  29.32  B12J 

1/K     .1.91  .35  11.25  26.41  4S.S7 

D     yariabls  M  9S1  2)11  39,7il 

W    60«  min.  ,45  8,75  705*  85.29 

X  151 D       S96  X 


1    /8 


=  — (0,01127  D  + am) 

215X600  500      /        w 


The  time  studies  given  above  show  liow  important  it  ts  to  have 
full  loads  and  the  proper  apportionment  of  the  number  of 
Rcrapers  to  the  length  of  haul  In  order  to  make  this  latter  point, 
which  is  of  prime  importance,  more  speeiflc,  one  or  two  illus- 
trations will  be  given  to  show:  (I)  How,  if  too  few  scrapers  are 
at  work  upon  a  given  haul,  the  addition  of  another  will  lessen  the 
cost  per  cubic  yard,  and  (2)  if  there  is  already  a  nufficient  num- 
ber at  work  to  produce  economical  results,  how  the  addition  of 
one  more  may  make  the  unit  cost  per  cubic  yard  higher,  and  in 
addition  may  actually  reduce  the  total  amount  of  material  han- 
dled. 

The  following  observations  were  made  where  the  material 
handled  was  a  loam  and  clay  mixture,  rather  sticky,  but  which 
loaded   well  and  did  not  wasta   on  the  way  to^tlfe,|dump.     The   | 
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lengtb  of  haul  was  about  325  ft  From  6;46  a.  m.  to  2  p.  m., 
6^  houTB.  omitting  one  hour  at  noon,  with  four  scrapers 
working,  330  loads  were  dumped  ~  110  cu,  yd.  at  three  loads  to 
a  yard. 


Cost    per    cu.    yd.  = '- 

*^  10 

pt.  per  cu.  yd.  per  100-ft.  haul. 

10 
At  the  above  rate  of  handling— —X  330  =  528  loads,  or  178 

eu.  yd,  would  be  dumped  per  lO'hour  day. 

From  2  p.  m.  to  5:45  p.  m.  S%  houm,  with  five  scrapers 
working,  252  loads  were  dumped  =  84  cu.  yd. 

Cost:     As  above,  with  addition  of  1  icraper^41.41. 
3%  4141 

Coat  per  cu.   vd.  ^ — —  X    =18.5  ct.   per   cu.   yd.  =  5.7 

*^  '  10  84  t~  J 

ct  per  cu.  yd.  per  lOO-ft   haul. 

10 

At  above  rate  of  handling X  252  =  072  loads  or  224  cu. 

3% 
yd.  would  be  dumped  per  10-hour  day. 

ThUB  it  will  be  observed  that  the  addition  of  a  scraper  in  this 
instance  was  all  for  the  better,  as  for  an  increase  of  15%  in  cost, 
27%  more  maferial  would  he  handled  per  day  at  a  decreased  cost 
of  10%  per  cubic  yard  and  10.5%  per  cubic  yard  per  100-fS  haul- 

Another  instance  was  where  a  coarse  sand  was  hauled  about  326 
ft.  Tlie  loads  were  not  very  good  and  the  coats  were  rather 
high,  but  the  case  serves  well  ax  an  example  of  the  point  in  view. 
From  6;  45  a.  m.  to  12  m.,  514  hours,  with  five  scrapers  working, 
275  loads  were  dumped  ^75  cu.  yd.     The  cost  wast 

5  whwlere    nl   IS.KO 137,60 

I  snHrb  team  and  driver   ..    T.BO 


TOt»l 
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CoBt   per  cu.   vd.  =— x =  20   ct.  =  8  II   ct.   ppr   cu.   vd. 

per  100-ft  haul. 

At  the  above  rate  of  handling,  525  loads,  or  143  cu.  yd,  would 
lie  dumped  per  10-hour  day. 

From  1  p.  m.  to  5:4.1  p.  m,  4%  hourti,  with  sis  scrapera  work- 
intr,   324   loads  =  88  ou.  yd.  were  dumped. 

CoKt:     As  almve  plun  one  wlienler  =  $4001. 
4%         4B0I 

Coat  per  cu.  yd.  =^ -X— =25.3  et 

10  98 

—  7,8  ct,  per  cu.  yd.  per  100-ft.  haul. 

At  this  rate  of  handlinf;  083  loads,  19,5  cu,  yd.,  would  lie  dumped 
per  10-hour  day.  Thus  for  an  increase  in  cost  of  13%,  29%  more 
material  would  be  handled  per  day,  at  a  decreased  unit  coat  of 
181^%  per  cu.  yd.,  and  14%  per  cu.  yd.  per  100-tt.  haul. 

It  is  not  easy  to  comprehend  at  first  glanee  the  effects  pro- 
duced hj  having  too  many  scrapers  for  a.  certain  haul.  It  eeema 
naturaJ,  without  Bnalysie,  to  suppose  that  the  more  Hcrapers  there 
are  working,  the  more  work  will  be  accomplished.  Proof  of  this 
was  evidenced  by  such  conditions  exiHting.  In  order  to  look 
more  closely  into  the  details  of  this  case,  it  is  worth  while  to 
present  the  complete  time  atudy.  Table  VIII,    The  material  was 

Table  VI 11. 

prepBring  TraneponinB      DumpiDgsnd     Trinaportlng 


D'   esoft, 

a MSft.min. 

KS    JTZ  ft.  min, 

K  ;;;■■;■■■;■■■;■-;;■;;;  ;J-^iuj3^,p,        Oo«t  of  7  scraper  (nm   . 
D/S  '+b-/ki'  ".'...'.'. 1  min!  *i.5  sec'. 


=  820.T  X  6,03  -  3T,4 
r  IW.ft,  hsni. 
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a  mixture  of  clny  and  aand,  with  enough  of  t)i«  latter  to  cause 
it  to  break  up  well  when  plowed.     Seven  scrsperB  were  at  work. 

At  the  above  rate  of  liauling  210  cu.  yd.  at  material  would 
be  dumped  per  10-hour  day. 

The  obeervatiooa  in  Table  IX  were  made  when  eight  srrapers 
were  working  in  the  same  material  and  hauling  to  the  same  dis- 


will  be  dumped  per  day. 

Thus,  be  it  observed,  actually  less  material  was  handled  with 
eight  wrapera  {ban  with  seven,  so  tHat  in  eonsequence  the  unit 
costs  per  cubic  yard  were  higher.  This  result  whs  due  to  the 
fact  that  the  time  lost  at  the  loading  point  whs  nearly  doubled 
(compere  time  studies)  owing  to  the  scrapcra  getting  bunched 
up  there  and  being  obliged  to  await  their  turn  to  be  filled  with 
the  snatch  team;  the  time  of  traneportation  was  materially 
increased  owing  to  the  enforced  reduction  of  the  rate  of  travel- 
ing due  to  overcrowding,  bo  that  the  time  necetisarily  lost  by 
the  gang  due  to  this  congestion  more  than  overbalanced  the 
extra  amount  of  material  which  an  additional  scraper  would  or- 
dinarily handle. 

Table  IX. 


15.7 


1,18 

1  miD.  M 

+  DVK8  Emin.  T 


raper  gsiiB K£S5 


T87 
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The  above  presents  a  typical  example  of  eondiliona  very  fre- 
quently observed,  canditions  for  the  existenee  of  which  there  is 
no  excuae,  especially  wlien  the  work  ia  being  earried  on  under 
the  supervision  of  a  man  of  long  experience  in  such  work,  ^ho, 
if  he  opened  hia  eyes  to  facts  and  took  an  interest  in  hia  work, 
could  not  help  but  determine  what  constitutes  the  efilcieut 
handling  of  his  gang.  But  experience  has  proved  that  the  great 
majority  of  foremen  do  not  take  enough  interest  to  ait  down  after 
working  Iiours  and  figure  out  how  the  efRcIencf  of  their  gang 
may  be  increased  during  working  houra.  Scraper  work  may  be 
divided  into  the  following:  Loading,  transporting  and  dumping. 
Each  of  these  operations  \^  distinct  in  itaelf  and  yet  each  ao 
depends  upon  the  others  that  it  there"  ia  any  flaw  in  one  the 
whole  work  muat  ahow  the  efi'ect.  For  example,  a  few  momenta' 
observation  of  a  piece  of  work  showa  that  the  acrapera  are  con- 
stantly in  motion  with  no  idle  time  at  the  loading  point  except 
that  required  to  turn  and  get  into  position  for  loading  and 
the  progreaa  to  and  from  the  dump  is  brisk,  but  there  are  periods 
when  the  snatch  team  ia  idle  for  several  minutca  waiting  for  a 
scraper   to  load  and   the  dumpman   aita  idle  upon  his  ahovel. 

Again,  if  the  loading  team  is  hooking  into  one  scraper  after 
another  in  rapid  suecesaion  and  the  dumpman  haa  no  aooner 
spread  one  acraper  load  than  the  next  team  cornea  along,  but 
gathered  ajound  the  loading  point  idly  awaiting  their  turn  to  he 
loaded  are  several  scraperii,  the  drivera  laughing  and  joking,  the 
horses  noaing  about  on  the  ground,  the  progress  to  the  dump 
reduced  becauae  of  eongeation,  is  it  not  self-evident  that  too  many 
scrapers  are  on  the  work  and  enough  should  he  taken  otT  to  keep 
them  moving  all  the  time?  When  thinga  are  going  briskly  the 
entire  atmosphere  of  the  work  ia  charged  with  energy,  felt  alike 
by  man  and  heaat,  but  when  obliged  to  wait  for  minutes  at  a 
time  in  idleneas  a  feeling  of  inertia  pervades  the  work  which,  in 
its  reaults,  it  muat  necessarily  reflect.  Keep  everything  in  mo- 
tion, iSee  that  the  loader,  snatch  team,  and  dumj)man  are  kc]>t 
busy,  that  the  scrapers  are  continually  on  the  move,  and  work 
will  he  performed  economically.  Have  regular  intervals  for 
letting  the  whole  gang  rest,  if  neceaaary,  but  while  at  work  let 
each  individual  unit  of  the  whole  be  performing  its  function  to 
the  heat  of  its  capacity. 

The  greatest  trouble  with  wheel  scrapers  is  likely  to  be  cauaed 
hy  the  heavy  pressure  on  the  collars  of  horses  and  mules,  due 
to  loading  in  heavy  ground.  For  this  reason  the  collars  should 
be  made  to  fTt  aa  perfectly  as  possible,  and  the  aninials  exam- 
ined every  night  iar  sores  on  the  necks  or  wilhera. 

When   loading  wheelers  with   a   snatch   team  the  chain   should 
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be  hooked  to  a  point  as  near  as  possible  to  tbe  scraper  itself, 
otherwise  the  pull  of  the  snatch  team  will  throw  a  heavy  load 

on  the  backs  of  the  wheeler  team. 

Tbe  working  speed  of  a  team  is  such  that  when  heavily  loaded 
the  team  proceeds  a,  little  more  slowly  than  the  ordinary  man 
will  walk,  but  when  "light."  faoraea  (more  than  mules)  are  apt 
to  move  faster  than  the  ordinary  walking  gait  of  the  driver. 
Consequently  it  is  a  good  plan  to  require  all  drivers  to  ride  in 
the  scraper  (which  can  be  done  with  wheelers,  but  not  with 
Fresnos)   when  light,  and  never  to  ait  on  the  loaded  acraper. 

When  dumping  a  wheel  scraper  it  ia  important,  so  far  as  poa- 
sible,  to  have  the  team  on  ground  at  least  as  high  aa  that  on 
which  the  scraper  rests.  Otherwise  the  heavy  load  that  always 
comes  on  the  collar  or  saddles  by  the  act  of  dumping  will  be  in- 
creased by  gravity,  often  to  the  great  distress  of  the  anlmala. 

In  loading  a  scraper,  care  should  be  exercised  not  to  allow  the 
team  to  puH  it  farther  and  overload  it  after  it  ia  once  full,  since 
Buch  extra  effort  is  utterly  useless  and  is  very  exhausting.  Con- 
versely, eai^h  load  should  be  a  full  one.  Tbe  first  mark  of  a 
badlj  handled  job  is  improper  and  variable  loading  of  the 
vehicles. 

It  should  be  borne  constantly  in  mind  when  laying  out  and 
directing  earth  moving  work  with  email  equipment  that  the 
"  norm^  haul "  for  a  wheel  acraper  ia  longer  than  for  a  Fresno 
and  ahorter  than  for  a  one-horae  cart'. 

Fresno  Scrapei  Work.  With  this  type  of  equipment,  each 
scraper  ia  hauled  by  from  two  to  four  horses,  or  mules,  depending 
upon  its  capacity,  but  the  services  of  a  anatch  team  and  driver  and' 
usually  of  a  dnmpman,  regularly  required  for  wheel  scraper  work, 
may  he  dispensed  with.  The  salient  features  of  the  Fresno  are  the 
speed  and  ease  with  which  it  can  be  loaded  and  dumped  and  also 
its  much  lower  drat  cost.  The  capacity  of  the  Fresno  ordinarily 
hauled  by  three  horses  is  from  7  to  S  cu.  ft.  aa  against  a  capacity 
of  S  to  10  cu.  ft.  for  the  No.  2^  wheelers.  As  mentioned  at  the 
beginning  of  this  paper,  in  comparing  two  methods  to  determine 
the  more  economical  for  the  handling  of  material  it  boils  down  to 
a  question  of  amount  carried  and  speed  of  handling.  Now,  it  is 
evident  that  of  two,  methods  of  practically  equal  coat  of  opera- 
tion if  one  is  sufficiently  more  speedy  than  the  other  it  will  do 
work  more  economically  even  though  handling  legs  material  per 
unit.  On  tbe  other  hand  there  may  come  a  point  where  the 
haul  gets  so  long  that  the  advantage  gained  in  speed  of  loading 
and  damping  (the  time  consumed  in  transit  of  course  assumed  as 
lieing  the  same  in  both  instances)  will  be  overcome  by  the  fact 
Ihat  tbe  other  method  handles  more  material. 
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For  example,  asBume,  Table  X,  two  gangs,  one  composed  of 
Hve  FreBDO  scrapers  and  one  of  five  wheel  scrapers.  For  thie 
gang  the  unit  coat  per  scraper  U  practically  the  same,  say  900 
ct.  For  each  round  trip  the  wheeler  loads  in  1^  minutes  and 
dumps  and  turns  in  %  minute.  The  Fresno  loads  in  %  minute 
and  dumps  and  turns  in  ^   minute.     Then  in  the  formula, 

C'I}/Sil  +  l/K)+l 


The  Fresno  Js  not  suitable  for  work  including  many  roots  or 
boulders,  and  is  not  generally  used  with  snatch  tcsjns  for  loading. 
When  the  ground  is  too  hard  for  Fresno  loading  it  may  not  be 
too  hard  to  l>e  loaded  by  wheelers  and  snatch  teams,  but  where 
the  haul  is  shoit  it  is  generally  much  more  economical  to  looses 

Table  X. 


D/8    (l  +  l/K)    2  a 


O    900  «t.  »00  «. 

it  with  a  plow  and  haul  with  Fresnos  than  to  use  the  wheelers. 
The  purpose  of  this  paper  is  mainly  to  show  comparisons  be- 
tween methods  where  both  or  all  are  possible,  but  when  one 
and  one  only  can  be  economic.  For  hauling  the  material  up 
heavy  grades,  such  as  a  railway  embankment,  the  Fresno  is 
much  more  satisfactory  than  the  wheeler  and  second  only  to 
the  small  scoop.  A  peculiar  advantage  of  the  Fresno  for  certain 
kinds  of  work  is  that  it  can  be  made  to  take  a  heavy  or  light 
cut  at  the  option  of  the  driver.  In  grading  lawns,  finishing  cuts, 
etc.,  the  Fresno  ca^  take  s  thin  slice  of  an  inch  or  a  deep  scoop 
of  nearly  a  foot  nitb  equal  facility,  and  is  controllable  in  load- 
ing by  one  hand  on  the  dumping  lever. 

2  +  2  2  +  0,75 

R=:900. =:  18  ct  per  cu.  yd.  for  wheelers.  =900. 

600  X  ^  600  X  >4 

=:  16^  ct.  per  cu.  yd.  for  Fresnos,  showing  the  latter  to  be  more 
economical. 

Or  suppose  the  assumptions  are  as  in  Table  XI.     , 
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Table  XI. 

■WheelBrs  P 


("Sfii)  - imin.  Ci  +  W 


1   (i  + 


Table   XIL— Feesno    Scraper    Cobts    {1914) 


TTBDiponatiDD. 
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130    120    2M 
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1   in  <l.    per  min. 
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4  +  2  4  +  0.76 

R  =  900. =27  et,  per  en.  yd.  tor  wheelers  =  900. 

600  X  1^  600  X  W 

=  28%  ot.  per  eu.  yd.  for  Fresnoe. 

Showing  that  notr  the  wheelers  are  working  the  more  eco- 
nomically. 

Table  XII  gives  resuHi  of  a  large  number  of  cost  data  on 
Fresno  work  in  various  materials,  arranged  in  the  same  manner 
as  those  on  wheelers  in  the  early  part  of  this  article. 

Below  are  shown  in  detail  time  studies  of  various  observations, 
with  remarks  upon  the  conditions  affecting  the  results. 

The  observations  in  Table  XIII  show  the  Fresno  to  have  been 
working  very  well.  The  material  was  a  loam  and  clay,  enough 
of  the  latter  being  present  to  form  an  ideal  track  for  the  scrapers, 
hard  and  smooth.     The  loads  were  of  good  size. 

Table  XIII. —  Fbesbo  Sckaper  Work  in  Clatet  Loam 

Wsitingandpre'  Traneportini  Tranaporting  Other 

preparing  (a  load        Loading  loaded  empty  delays 


814  0      4!W  0     47  0       4 

.ISS'  4  scrapers  sod  drivers  at  17.20 


'.'.'.'..'.. .1... 


:3  — 1«S'   ,.   ^ - 

:  — 2I0/1TT  1. 


fD'/KS    . 


The  static  cost  here  is  considerahly  below  the  average,  which 
shows  at  once  that  there  was  very  little  wasted  time,  and  that 
the  work  moved  smoothly.  The  transportation  cost  is  somewhat 
ahore  the  average  and  a  glance  at  8  and  K8,  the  rates  of  moving, 
which  are  low,  makes  the  reason  apparent,  showing  that  as  a 
whole  the  work  went  smoothly,  but  slowly.  No  doubt  the  general 
speed  of  this  work  could  have  been  considerably  increased  and 
still  have  things  move  nicely,  but   it   is  preferable  to  have   the 
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work  mn  uniformly  even  at  the  expense  of  speed  than  to  rush  in 
transit  and  wait  idle  about  the  loading  point. 

The  observations  in  Table  XIV  were  made  where  the  material 
handled  was  top-Mil,  rattier  atlckj  from  recent  rahiH. 

Table  XIV. —  Fbbsho  Schahx  Wobk  ik  Hbatt  Topson. 

Waiting  at  TrBiuparting       Tumins       TTMupratinc 

loading  point        hoaAiag  loaded  at  dump  pmoty 

UiTi.  Sec.  Min.  Sec.  Hin.  Sec.  Min.Sec.  Min.  Sec. 

0      40  0      40  0      23  0     14  0     4S 

0     31  0      It  0     32  0      It  OH) 

Oie  OS  0      3T  020  OEO 

060  08  0J6  026  -OBO 

020  0      15  OSS  021  0«5 

Ay.    0     3S.4  0      1T.2  0      S3.Z  0     14  0     GZ.E 

D     iW 

D'    170' 

S  —  TWmi  ten.   217' per  min. 

KS  — 17«'/S2.!    ISS'permin, 

^~^^'/.^\.'.'.'.'.'."''.'lmia  atitac.      Oo^  "t  3  KtAper  gani I29.2S 

D/B  +  iy/ks' ''■'■'■'■'■ -'.'.imia'tiAtM!. 
O—is^/S ''.'.'.'.' '.'.'.'.'.'.'.'.STii-t.' 


R  =  —  X =  M.7  ct.  per  en.  yd,  =  7.4  ct,  per  en.  jd.  itatie  +  7.7  cl.  per 

too       0.25 
100- ft.  baul. 

In  this  instance  the  static  cost  is  far  above  the  average,  due 
to  excessive  idle  time.  In  the  first  place  the  time  of  "Waiting 
at  Loading  Point"  is  far  too  high  and  arose  from  a  condition 
very  often  observed  upon  scraper  work  for  the  existence  of  which 
there  is  no  excuse  or  reason  except  negligence  upon  the  part  of 
the  man  in  charj^.  This  is  allowing  the  sciapers  to  get  bunched 
t(i)^ther  BO  that  the  work  becomes  spasmodic.  Teams  are  idle  at 
the  loading  point  waiting  for  the  ones  ahead  to  be  loaded  and 
when  all  are  en  route  to  the  dump  the  loader  is  idle  until  the 
first  arrives  again.  In  consequence  the  whole  speed  of  action  is 
reduced.  It  is  junt  an  easy  to  keep  teams  e<]UBlly  spaced,  espe- 
cially when  there  are  hut  three  or  four  upon  a  short  haul,  as  in 
this  case.  Then  the  loader  works  with  regularity,  the  teams  move 
with  uniform  speed,  do  not  get  bunched,  and  there  is  no  necessity 
of  wasting  time  in  idle  waiting.  In  the  second  place  the  loading 
time  is  too  great.  This  was  due  to  the  scrapers  frequently  "hit- 
ting some  hard  spot  not  aufRciently  plowed,  overturning  and  hav- 
ing  to  turn  about  for  reloading.  Having  the  ground  well  plowed 
is  of  prime  tmportante  in  Fresno  work,  as  it  cuts  down  the  actual 
loading  time,  and  keeps  the  whole  work  in  motion  better.  In 
the  third  place  the  time  "  Turning  at  Dump  "  should  be  reduced 
one-half.     There  is  no  necessity  of  stopping  a  second  in  dumping 
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and  once  the  scraper  ia  empty  the  driver  ehould  turn  his  te&m 
right  about  without  moviDg  from  hie  tracks.  Too  often  a  long 
sweep  is  mEide,  wasting  much  valuable  time.  The  transportation 
charge  ia  above  the  average  due  to  the  slow  return  from  the  dump 
( K  and  8 ) ,  arising  also  from  crowding  and  the  material  reduction 
of  speed  occurring  when  drivers  see  that  teams  ahead  of  them  are 
idle  at  the  loading  point. 

In  the  work  for  which  the  time  study,  Tahle  XY,  was  made 
the  material  was  well  plowed  top  boU  in  almost  Ideal  condition 
for  Fresno  work. 

Table  XV.-^  Fresno  Scbapeb  Wobk  in  Well  Loosened  Top  Soil  I 

Walling  St  TraoBportiag       Dampinc      TruainDrtiiiK 

loodine  poJQt        Luading  loaded  andlDrnine  «mpU 

Min.  Sec.  Min.  Sec.  Min.  Sec.    .      Hin.  Sec.  MIn.  8m. 


li-;;;;;;:;;;;;:- 

isM-permin. 

.0.28  CD.  yd. 
:«O0mV 

CoBl  of  3  aenper  fang 

K  — 2M/2M   

|2» 

»»2        l.S 
B^  — X 

».*  ct 

per  CB.  yd.  - 

3,0  ct.  8t«lic  X  1.9  ct.  pe 

im-tt.  hs 

Here  both   static  and  transportation   charges  are  below  the 
average.     A  more  uniform  spacing  of  scrapers  was  oltserved  with  ' 
the  result   that  the  idle  and   loading  times  were  materially  re- 
duced;  and  the  rate  of  transportation  was  very  satisfactory  ac- 
counting for  the  low  trauaportation  charge. 

To  secure  cost  diagrams,  Fig.  173,  for  Fresno  scraper  work, 
average  values  may  be  substituted  in  the  general  transportatioD 
formula  given  above,  where:  C=  879  ct.;  1  =  0.67  min.;  W  — 
flOO  min.;  S  =  212  ft.;  K  =  1.05;  I/K  =  0.95,  load  and  haul  be- 
ing variable. 

The  coats  above  given  do  not  include  anything  for  overhead 
charges,  superintendence    (above  foreman],  preparatory  charges, 
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ifflice  expenaea,  contractor'a  profit,  etc.  This  refers  to  both  cUsBes 
vf  scrapere.  These  values  are  plotted  on  the  accompanying  chart, 
from  which  with  conditions  approximately  as  assumed  the  cost  of 
such  work  for  various  lengths  of  haul  may  be  read  direetly. 

When  Fresno  scrapers  are  loaded  from  plowed  ground  it  is  in- 
finitely easier  to  load  when  draggin);  across  than  lengthwise  of  the 
furrow.  Double  plowing  is  often  economical.  The  dumping  op- 
eration should  be  accomplished  by  a  quick,  sharp  lift  on  the  han- 


Fig.  173.  Curves  Showing  Cost  Per  Cubic  Yard  of  Handling 
Loam,  Sand,  etc.,  with  Fresno  Scrapers  for  Various  Sizes 
of  Load  and  Length  of  Haul.     (1914  Prices.) 

die,  and  preferably  on  a  down  grade.  When  the  ground  is  very 
well  loosened  the  driver  can  do  his  own  loading  as  well  as  dump- 
ing. The  path  to  the  dump  must  be  reasonably  tree  from  ob- 
structions, else  the  scrapers  may  dump  themselves  without  in- 
tention on  the  driver's  part. 

General  Eintt  on  All  Boiaper  Work.  (1)  Be  sure  to  use  the 
right  kind  of  scraper.  A  Fresno  with  three  mules  is  economical 
up  to  about  275  ft.  of-  haul  as  against  wheel  scrapers  with  2 
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mules,  when  it  can  load   readily.     Where  tbe  ^oiiiid   ie   full  <^ 

roots  use  wheelete.  I 

To  drivers : 

(2)  Report  any  case  of  bkd  fitting  hameBB  to  the  foreman  i 
inediatel]r.  Don't  let  the  team  drag  you  by  the  reins.  Vou  a 
supposed  to  be  able  to  walk  as  fait  as  a.  loaded  team. 

To  foreman: 

Make  a  personal  detailed  inspection  of  each  mule's  hameSB  t 
first  thing  in  the  morning  and  at  noon,  and  report  any  case  a 
ill  fitting  harness  to  the  timekeeper  on  hU  next  round.  F 
men  will  be  held  responsible  for  allowing  any  mule  to  work  v 
badly  fitting  harness. 

(3)  See  that  each  scraper  is  fully  loaded.  The  cost  of  plowingi 
is  less  than  1  ct.  per  cubic  yard,  which  ia  less  than  the  cost  of 
letting  scrapers  work  when  only  partly  loaded.  i 

(4)  In  loading  the  scraper  when  it  is  once  full  of  earth  do  not 
let  the  mules  tiy  to  pull  it  any  farther  and  overload  it    Tbe  last' 

Data  Used  is  Calodi.ating  Curves,  Fig.  173,  fob  Fbesno  Scrap 
EBS  i»  LoAu,  Sand,  etc. 

Fi*e  Bcrspers  in  sliindHrd  gang.    Three  aninule  per  icraper. 

Uulea  at  tl.TK  tW^ 

Driven  sttlSS ».75 

Loader  at  «.M  1.95       p^,  ,erBp*r  0  8,» 

p!>uiman'  at  tj wP                              JM  Valoa  <rf  MPipeF  .,,-........,.  tl3.75 

fireman  at  ftwi 1-W  vaina  a#  >.m^nLam  •                          tj\(vi 

Waterbi^  at  (1.00  1.00       Value  of  harDeaa BCM 

l»lBl  (1914  flcares)  MSiS 

-(2.331  tor  100' 


X  0,571     1  r  1 

I  =  —    0.0136  D  +  0.9g  I  = 

300       J       wL  J 


-(5 .03)   tor  SOf 


— (T.TS)  for  60O' 


S^.stFftr  G  acraprrii 
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two  seconds  of  drag  ag&inet  the  dead  weight  of  earth  are  mule 
killeTB. 

(5)  On  all  scraper  work  drivers  are  required  to  walk  at  all 
times  when  tlie  scTsper  ia  loaded  and  they  are  to  walk  at  all 
times  with  the  Fresno  scraper,  whether  loaded  or  empty.  With 
wheeler -scraper  work  drivers  should  ride  on  the  scraper  when  it  is 
empty.  In  steppinf;  on  or  oil  of  the  acraper  be  sure  not  to  delay 
the  team  in  any  way. 
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Fig.   174.     Diagram  Comparing  Economy  Up  to  275  Ft.  Haul  of 
Fresno  and  Wheel  Scrapers, 


(6|  In  dumping  wheel  Bcrapern  try  not  to  liump  when  the  muleH 
are  on  ground  that  is  lower  than  the  acraper,  as  by  doing  this  it 
brings  a  tremendous  load  on  the  mules'  necks. 

(7)  So  direct  the  work  that  the  loaded  teams  will  have  the 
shortest  haul  and  the  empty  teams  if  neces^iary  may  have  a  much 
longer  haul,  but  in  no  case  should  the  empty  haul  be  unneces- 
Harily  long,  It  is  better  to  let  the  mule  team  stand  still  to  rest 
than  to  let  it  cover  unnecessary  ground.  This  seems  like  a  simple 
rule,  but  its  violation  has  often  been  observed  on  several  different 

(8)  See  that  the  scrapers  are  spaced  as  even  a  distance  apart 
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SB  possible.     Thia  will  make  the  work  lighter  on  the  mules,  easier 
on  the  drivers  and  will  tend  to  avoid  uontuaion. 

(0)  The  loaded  scraper  should  always  have  the  right  of  way 
MB  against  the  unloaded  Bcraper. 

(10)  Whenever  a  scraiwr  gets  Btuck  or  ia  in  any  trouble  don't 
lose  any  time  before  notifying  the  foreman  and  sending  for  help. 
The  snatch  team  is  employed  for  the  purpose  of  helping  the 
scrapers  at  all  times  and  in  all  poesible  ways. 

(11)  Be  sure  not  to  have  too  few  ncrapers  on  a  long  haul  and 
too  many  scrapera  on  a  short  haul ;  see  that  every  scraper  la 
busy  all  the  time;  see  that  the  loader  and  snatch  teams  are  busy 
all  the  time;  in  short,  that  each  unit  of  the  work  ia  contributing 
its  maximum  effort  to  the  accomplishment  of  the  whole. 

Figure  174  is  a  diagram  showing  that  Fresno  scrapers  are  more 
economic  than  wheel  scrapers  up  to  276  ft.  haul. 


Fig.  175.    Doan  Scraper. 

Tongue  Sctapera.  This  machine  h  composed  of  a  wooden  plat- 
form drawn  at  an  angle  of  alraut  60°  with  the  surface  of  the 
ground  and  the  horses  are  hooked  to  the  pole.  It  is  a  very  valu- 
able machine  for  filling  ditches,  leveling  roads  or  other  uneven 
places.  The  author  has  found  it  an  extremely  economical  machine 
for  spreading  topsoil  which  had  been  previously  stacked  in  pilea. 
It  has  a  steel  cutting  ed|;e  48  inches  wide,  which  can  he  easily 
replaced.     The  weight  is  120  lb.  and  the  price  $10.00. 

The  Doan  Scraper,  This  machine  is  very  useful  for  cleaning  out 
and  back  filling  ditches  or  leveling  uneven  surfaceii  Manufac- 
turers claim  that  it  will  back  fill  as  much  earth  as  50  men  with 
shovels.     Price,  $0  20. 

Oradeis  and   Eoid  Kaohines.     The  diflerenee  between  graders 
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and  Bcrapers  is  that  the  Bcrepera  pick  up  a  load,  tnmspoTt  it  a 
certain  distance  qnd  unload  It  at  once  pla^,  while  the  road  ma- 
chine is  used  mainly  for  cutting  off  high  places  and  filling  up  the 
adjacent  low  places  while  the  machine  is  in  motion.  Another 
function  of  the  grader  is  that  of  moving  earth  into  n 
spreading  it  from  winrows  in  thin  layere. 


which  can  be  operated  liy  a 
by  a  traction  engine,  costs  a 


Fig.  170.    Fresno  Scraper. 

Kevenible  Graaera.  A  make  of  steel  grader,  the  amalleat  of 
an  and  two  huraes,  and  the  largest 
follows : 

Lenfth  ot                           Wsieht  Price 

bUae  iD  ft.                            Id  Qt.  f ,  o  b.  CbicBio 

6  1.450  t   2Sn 

7  2.«0  *» 
T  2,900  4TS 
H                                      2.SIM  491 

7  or    8                               3.100  ESS 

10  or  13                               7,100  1,375 

Another  make  of  graders  costs  as  follows: 


A  machine  that  will  rip  up  old  macadam  road  and  grade  it  at 
the  same  time  has  the  following  apecillcationa:  Number  of 
rooter  teeth  5,  Bpating,  center  to  center  10  in,,  length  of  grader 
blade  11  ft.,  approximate  weight  8,400     lb.,  price,  f.  o.  h.  Chicago 

$1500.  t 
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Two  Blade  Adjustable  Road  Drag.  A  dra;;  similar  to  the  one 
ibown  in  Fig.  179  is  used  to  cut.  cruHb,  pulverise,  pai^,  smooth 
ind  carry  earth.    The  various  operatiODs  are  accomplished  by  the 


Fig.  177.    Reversible  Grader. 

idjustment  of  the  blades.  This  machine  wei^jhs  280  II).  and  costs 
>33.00  f,  o.  b.  factory.  Another  make  of  a  similar  drag  weighs 
100  lb.  and  coats  $30,00  f.  o.  b.  Chicago. 


Fig    178.     Reversible  Grader, 

Three  Blade  Drag  similar  to  the  above,  but  dcsi;,>iied  for  mui'li 
leavier  work  weighs  380  lb.  and  costs  $10.  Tlie  length  of  tiie 
lades  is  7  ft.  6  in,,  and  the  width  6  in. 
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Road  Hone  mounted  on  wheels  eimilar  to  the  one  in  Fig.  180  la 
used  for  smoothing  puddling  and  leveling  dirt  roads.  It  weigba 
complete  305   lb.  and  coEta  $70.     It  is  operated  hy  one  pair  of 


Fig.    179.     Two-Btade   Adjustable   Soad   Drag. 

moved  on  its  own  wheels  without  tearing  up  the 


Tbree-Waj'  Road  Ttr&g,  Fig.  ISl,  will  cover  the  entire  width  of 
(he  road  in  one  trip.  A  drag  designed  for  horse  power  weighs 
esO  lb.  and  costs  $S0.    Another  malte  weighs  approximately  1000 


Fig.  180.    Boad  Hone. 


Ih.  and  fosts  $02.    A  heavier  drag  for  engine  power  weighs  1,250 
lb.  and  costs  $120. 
Coat  of  Moving  Dirt  with  Power  Machinery.    The  following 
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aotea  appeared  in  Engineering  and  Contracting,  Ma;  15.  10 IH, 
and  exemplify  in  a  striking  way  that  we  are  moving  in  tlie 
Epoch  of  Manufactured  Power. 

Using  power  macliinery  only,  125,000  cu.  yd.  of  dirt  were  moved 
on  an  Illinois  road  job,  at  a  cost  of  4.1  ct.  per  cubic  yard.  The  \ 
work  was  done  in  connettion  with  the  improvement  of  a  road  | 
leading  north  toward  Pontiac,  III,  The  first  5  miles  ot  this 
highway  was  changed  from  a  narrow  winding  road  to  a.  level,  well 
drniniKl  all  the  year  road,  UO  ft.  wide  between  fences  and  40  ft, 
wide  between  drainage  ditches. 


Fig.   181.     Three.War   Road  Drag. 

The  work  of  clearing  the  right-of  way  was  started  on  May  1, 
11)17,  and  completed  June  10.  I!)17,  during  which  period  6  18  acres 
were  cleared  of  a  tangled  mabs  of  brush  and  shruba  and  over 
200  liie  trees  from  3  Ln.  to  3  ft  Jn  diameter.  Trees  were  pulled 
by  a  7.>bp.  caterpillar  tractor  using  a  100  ft.  cable.  Two  cable 
outntH  were  used,  so  that  the  tractor  was  not  delayed  waiting 
for  hitches  to  be  made.  The  cost  of  clearing  the  roadnay,  includ- 
ing labor,  inteiest  on  investment  and  an  allowance  of  20%  for 
depreciation  of  equipment,  was  $03090,  or  Jltil2!l  per  acre. 

The  grading  was  (started  on  June  18,  1!)17  One  75-lip.  cater- 
pillar tractor  was  used  to  pull  two  Western  graders,  one  12.fi. 
to  make  the  cut,  followed  hy  an  8-ft.  to  larry  llie  dirt  to  the 
center   of   the   road.     A   Western   e1eva,ting   gcinhtB,  pjiulled    by    a 
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T5*bp.  caterpillar  tractor  waa  used  in  eovne  places  in  making 
tills.  However,  on  aome  of  the  deeper  fills  it  was  necessary  to 
use  some  other  method,  in.  order  to  make  time,  and  a  TS-hp 
caterpillar  tractor  was  used  in  connection  with  a  caterpillar  land 
leveler.  This  land  leveler  is  a  tool  used  extensively  in  the  West 
and  is  in  reality  a  large  scraper  having  a  capacity  of  approxi- 
mately 314  yd.  With  this  machine  the  dirt  could  be  taken  up  and 
carried  across  the  road  and  then  unloaded  gradually  or  a[l  at  one 
time  as  conditions  required. 

The  gravel  for  the  road  was  taken  from  a  nearby  creek  with  a 
drag  line  excavator  which  delivered  it  to  a  loading  hopper.  With 
the  drag  line  excavator  working  steadily  it  was  possible  to  keep 
the  hopper  filled,  bo  that  when  the  tractor  train  came  up,  which 
consisted  of  a  7.^-hp.  caterpillar  tractor  with  6  reversible  trailers, 
they  could  he  loaded  without  delay  or  without  shoveling. 

With  this  eijuipment  a  total  of  a  little  over  125,000  cu.  yd,  of 
dirt  was  moved  in  75  working  days.  The  total  cost  including 
labor,  interest  on  the  investment  and  an  allowance  of  20%  on 
depreciation  of  equipment  was  $5,147  or  4.1  ct.  per  cu.  yd. 

At  no  time  were  more  than  S  men  employed  on  the  job.  Horses 
or  mules  were  not  used  at  any  time  in  the  work, 

A  Oravel  Spreader  was  used  in  the  construction  of  the  Colo- 
rado Tiiver  Levee,  This  spreader  was  built  on  an  ordinary  flat 
car  and  is  of  extremely  simple  construction,  A  small,  well- 
braced  tower  is  built  in  the  center  and  on  each  side  8  x  IT  in.  pine 
stringers  are  firmly  bolted  to  the  side  sills  and  to  stringers  laid 
across  the  top  of  the  car  body.  Ten  l^-in  eyeboits  run  up 
through  these  stringers  and  from  these  are  suspended  two 
isosceles  triangular  wings,  one  on  each  side  of  the  car.  These 
wings  are  raised  and  lowered  by  means  of  ropes  and  blocks  at 
the  point  of  the  wings  and  at  the  top  of  the  tower  and  are 
raised  by  braking  the  car  and  hauling  on  the  line  by  a  loco- 
motive. On  the  outside  tlie  wings  are  faced  with  iron  and  have 
a  reach  of  IS  feet.  The  45-yard  side-dump  cars  were  unloaded 
when  standing  still,  so  that  the  top  of  the  dumps  on  cither  side 
was  from  3  to  4  feet  above  the  tracks.  In  spreading  this  ma- 
terial the  machine  is  put  through  the  entire  length  at  a  speed 
from  7  to  10  miles  per  hour.  Several  trips  with  the  winga  at 
different  heights  are  sometimes  necessary.  The  cost  of  spread-  . 
ing  material  per  yard  is  aliout  1/10  cent,  the  co*t  of  constructing 
machine  BlK>ut  $300.00,  and  its  operation  requires  the  service  of 
a  locomotive  and  of  four  men  to  handle  the  wings.  This  work 
was  prior  to   1912. 

Qradlng  for  Boads  Across  Slouehs  by  BnU-Boslng.  The  fol- 
lowing notes  by  Mr.  L.  U,  Martin  appeared  in  Engineering  and 
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Contracting,  May  7,  IHIO.  Thia  metliod  is  particularly  adapted 
to  elougbs  containing  standing  water  and  to  short  Btretchea  of  bog. 
The  grade  for  this  work  should  be  carried  from  40  to  110  ft.  wide 
at  the  baae;  or  in  the  case  of  standing  water  to  a  minimum  wWth 
of  40  to  45  ft,  at  the  water  level.  Wagona  oi-  eerapera  are 
dumped  as  close  to  the  edge  as  it  is  poBsible  to  drive  the  team^ 
and  the  dirt  ia  then  pushed  ahead  by  the  bulidoser,  A  good 
operator  on  the  bulldoser  can  handle  the  dirt  from  5  to  Q  teams 
on  an  average  haul  of  500  ft.,  and  more  as  the  length  of  haul 
increaaea.  With  a  good  operator  little  lime  is  loat  over  a  straight 
haul  on  good  ground.  The  outfit  shown  was  pushing  for  five 
No.  2  whGelers  (15  cu.  ft.)  on  a  400-ft.  haul.  A  heavy  steady 
team  ia  required  to  handle  thie  pusher.  The  actual  cost  per  yard 
over  straight  luiul  dirt  with  a  good  operator  should  not  exceed 


Fig.  182.    Pushing  the  Grade  with  a  Bulldoser. 

2  ct.  per  yard,  and  may  even  run  below  this  Unless  dirt  can  he 
sent  both  ways  from  the  cut,  however,  or  the  fill  is  long  enough 
to  use  the  full  outlit,  an  elevating  grader  is  not  worked  at  full 
capacity  and  the  extra  cost  per  yard  on  this  account  will  be 
raised  to  perhaps  6  ct   additional  as  a  maximum. 

The  outHt  was  a  home-made  alTair  consisting  of  the  front  wheels 
of  a  dump  wagon,  a  straight  telephone  pole  8  in.  at  the  butt  anil 
20  ft.  long,  and  a  pUbh  board  braced  as  shown,  shod  with  a  3-in. 
by  H-in.  iron  e<)ge  on  the  bottom.  It  was  so  made  that  the 
pole  with  iHiard  attached  could  be  removed  in  a  few  minutes  from 
the  wheels  and  loaded  on  a  wagon,  Thia  method  is  much  superior 
and  cheaper  than  the  old  one  of  having  Hhovelera  at  the  end  of 
the  grade  pushing  the  dirt  olT  with  .a  shovel 

Jordan  Spreader.  On  the  Hudson  Division  of  the  New  York 
Central  &  TTudaon  liiver  R.  R,.  where  considerable  double  tracking 
work   was   in   progress,   the   Walsh-Knhi    Construction    Company 
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were  using  a  dump  car  train  and  Jordan  spreaders  (Fig  183}  to 
widen  out  BhoulderB  Hiifliciently  to  laj  a  construction  track  ao  as 
to  clear  the  present  main  line  tracks.  With  a  good  locomotive 
and  cre<r  a  train  load  of  150  to  200  cu.  yd.  of  ordinary  material 
can  be  leveled  so  as  to  clear  passing  trains  in  9  roinuten  and  can 
be  leveled  down  to  2  ft  below  top  of  rail  in  from  10  to  IS  mioutes. 


Fig.   183.    Jordan  Spreader  in  Use  on  Four  Iraukiog. 

.The  cost  per  day  of  a  spreader  may  be  eetimated  as  follows. 
a»suming  all  items  liberally  to  insure  their  covering  the  cost  in 

I>eprecialioD  on  tS.OOO  machine  at  15  jeui  lite,  tffi  dsfs 

l*r   year    I1J!S 

InttTPil  at  5%    1.0* 

Rrii»in  «t  |Si>  per  yasr  2<t 

Labor,  1  o[>erBtar  !,60 

Tolal  (1912  flgurea) 15.13 

This  does  not  include  cost  of  locomotive  and  crew. 

This  will  indicate  what  may  I)«  the  cost  of  using  a  spreader. 
If  the  machine  is  taken  care  of  it  ehould  be  sold  at  the  end  of  IS    . 
years    for   a   reasonable   price,   but   no   account   is   taken   of   the 
scrap  value  in  this  estimate. 

Tlie  machine  can  eauilj-  handle  all  material  which  can  lie  sup- 
plied by  trains  which  might  be  anywhere  from  1,000  to  20,000 
yards  per  day. 

Spreader  Plow.  A  new  trpe  of  spreader  plow  built  by  the 
Rueynis  Co.,  is  illustrated  !iy  Fig.  184.  It  weiyha  about  68 
tons  having  a  larger  wing  area  and  wider  spreail  than  any  o'hcr 
plow.    The  width  of  spread  may  be  varied  automatically  with 
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no  loss  of  time  aod  the  winga  may  lie  opened  or  closed  irrespective 
uf  their  inclination.  Thid  plow  wil]  operate  elTectirelj  with  aii 
ordinary  train  pressure  of  7li  lb  of  air  and  will  operate  with  a~ 
low  a  pressure  as  50  lb.  The  eoiilrol  ia  etitiirely  automatic,  oiif 
man  being  required  for  the  operation. 

The  maximum  width  of  spread  from  the  center  of  the  track  i» 
22  (t  6  inches,  24  inches  below  the  lop  of  rail  and  23  ft  5  inches 
on  level  with  the  top  of  rail.  Any  intermediate  width  of  spread 
may  be  obtained  The  vertical  travel  of  tUe  wing  is  43  inches, 
from  19  inches  above  to  24  inches  below  the  top  of  the  rail  i 

The  car  body  ia  heavily  built,  trucks  being  M.  C,  B  Standard 
for  100,000  lb.  capacity  cars.  Each  main  wing  ia  made  up  ol 
three    heavy    steel   castings    so   designed    that    should    the    plon 


Fig.  184.    Spreader  Plow. 

i>ncounter  an  immovable  object,  the  pina  would  shear,  allowing 
the  wings  to  swing  without  any  damage  to  them. 

The  operating  mechanism  is  entirely  pneumatic,  independent 
air  cylinders  being  provided  for  each  wing. 

The  operator's  station  ia  located  forward  where  he  can  oblain 
a  clear  view  of  the  work  at  all  times,  alt  controls  being  placeil 
in  the  cab. 

This  machine  is  uaed  for  such  work  as  spreading  ballast,  second 
tracking,  grade  revision,  track  elevation,  bank  building,  bank 
trimming,  ditching,  spreading  spoil  diunps,  snow  plowing  and  yard 
construction. 

The  cost  of  operation  consists  of  the  pay  of  a  single  operator 
of  about  8-5  00  per  day,  the  cost  of  running  the  engine  and  a.  charge 
of  about  $.1.00  per  day  for  renewals  and  incidental  expenses,  plus, 
of  course,  interest  and  depreciation  on  the  machine  itself. 
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A  plow  of  this  typp  wan  used  in  embankment  constnietion 
Qn  the  dumpe  of  the  Hull-Buet  Mine  at  Bibhing.  Minn.  The 
material  handled  was  mainly  gravel  with  a  aprinkling  of  boulders. 
The  speed  maintained  in  plowing  usually  averaged  from  7  to  10 
miles  per  hour. 

The  method  of  building  the  embankment  was  descrilied  in  The 
Excavating  Engineer,  July,  1020,  from  which  the  following  notes 

A  fairly  level  stretoh  was  selected  and  the  track  laid  in  neetions, 
with  the  joints  broken  evenly,  in  order  to  facilitate  handling- 
These  sections  were  unloaded  from  a  flat  car  with  a  locomotive 
crane  which  spotted  the  sections  ahead,  these  sections  being  bolted 
up  as  fast  as  laid.  This  track  was  made  as  level  as  possible  by 
blocking  up  temporarily.  The  fl.rBt  procedure  varied  somewhat 
with  the  character  of  material  encountered.  Where  this  material 
contained  considerable  boulders,  the  load  from  the  first  dump  was 
spread  level  with  the  top  of  the  rail,  thus  building  a  24-in  em- 
bankment. Tho  tracks  were  then  shifted  to  the  top  of  this 
newly  cooetructed  road  bed.  It  can  readily  be  seen  that  with  the 
most  careful  blocking  the  track  contained  considerable  depres- 
sions. The  facility  with  which  the  above  mentioned  embankment 
was  made  level,  was  accomplished  by  raising  and  lowering  the 
vt'ing  as  the  material  was  spread,  thus  assuring  an  even  grade. 

When  the  material  ran  even  and  no  large  boulders  were  eil' 
countered,  the  first  procedure  was  to  plow  12  in,  lielow  the  bottom 
of  the  tie,  attaining  this  depth  in  successive  cuts.  This  provided 
space  in  which  to  dump  material,  thus  eliminating  the  tendency 
of  the  material  to  flow  back  on  the  rails  when  dumped  from  the 

When  this  24-iu.  embankment  was  completed,  material  was 
dumped  to  the  far  eide  in  order  to  anchor  the  track.  This  pre- 
vented the  shifting  of  the  track,  due  to  the  side  thrust  of  the  plow 
during  later  operations.  Tliis  material  was  usually  spread  ofi' 
level  with  the  ties.  The  next  procedure  was  to  dump  trains  of 
20-yard  cars  from  the  new  track  This  was  done  where  the  cars 
stood  without  spotting  as  it  proved  to  be  unnecessary  to  make 
one  continuous  pile  and  to  bult  the  contents  of  one  car  ai^ainst 
that  of  another.  This  not  only  facilitated  plowing,  but  saved  con- 
siderable time. 

This  dumping  of  material  uas  spread  in  three  stepx  wilh  the 
wing  horizontal,  on  the  level  with  the  track,  fixed  at  a  min- 
imum'^angle  of  12  ft.  from  the  center  of  the  track.  The  sec- 
ond step  was  to  plow  the  same  material  with  the  wing 
lixed  at  16  ft.  width  of  spread,  and  (hen  at  the  maximum 
or  22V2    feet  width   of   Bprea<l.     These   operations   were   rep^fited 
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tliree  times,  making  a  total  of  nine  operations  on  this  dumping. 
The  same  steps  were  taken  each  time  except  that  tiie  maximum 
width  was  reduced  each  time  to  two  ft.  or  to  20^,  18  and  16 
ft.  respectively,  each  time  gradually  lowering  the  wing  horizoi' 
tally  until  the  maximum  depth  had  been  reached  or  2  it.  belon 
the  top  of  the  rail.  The  purpose  of  decreasing  the  width  eacti 
time  was  to  raise  the  material  higher  and  to  lessen  the  aide  thrust 
on  the  rail  and  the  power  required  to  push  the  plow,  and  further 
more,  to  attain  the  object  of  throwing  the  material  beyond  tht 
reach  of  the  wing.  The  object  of  feeding  down  was,  as  stattJ 
be  tore,  to  provide  dumping  area. 

The  base  of  the  material  was  now  16  ft.  from  the  center  of  tht 
track.  The  wing  was  then  raised  horizontally  to  19  in.  above  tht 
top  of  the  rail  and  the  same  dumping  was  plowed  at  the  ma.ti 
mum  width  of  22%  ft.  The  purpose  of  this  procedure  was  to 
carrj  the  ridge  over  as  far  as  possible  and  to  buitd  a  Bhoulder 
at  this  width.  It  will  be  seen  that  this  one  dumping  was  plowed 
ten  times. 

Then  more  material  was  dumped  in  the  space  provided  and 
this  was  plowed  with  the  wing  horizontal.  This  is  repeated  until 
a  •naximum  depth  of  24  in.  and  a  12'ft.  width  was  attained. 

The  wing  was  then  raised  to  the  maximum  of  19  in.  above  the 
track  level  and  the  material  was  thrown  over  as  described  before. 

At  this  juncture,  a  bank  had  been  conetnicted  5^  ft.  in  heighl, 
above  the  top  of  the  rail. 

The  tip  of  the  wing  was  then  raised  to  the  maximum  of  7  fl. 
above  the  inner  end.  This  consumed  about  15  minutes.  More 
material  was  then  dumped  and  plowed.  The  plowing  was  first 
done  with  the  wing  at  this  inclination  at  a  minimum  width  of 
spread.  This  width  of  spread  was  increased  in  three  steps  or  to 
12,  16,  and  22^^  ft.,  gradually  lowering  the  wing  each  time,  down 
to  the  maximum  depth,  maintaining  the  same  angle  of  inclina- 

This  was  repeated  as  often  as  necessary  or  until  the  material 
lay  in  a  line  from  the  inner  point  of  the  wing,  2  ft.  below 
the  top  of  the  rail,  to  the  tij)  of  the  wing  at  221^  ft.  from  the 
center  of  the  track.  This  again  provided  dumping  apac«  for  a 
new  load  which  was  then  dumped. 

The  wing  was  then  raised,  maintaining  the  same  inclination, 
until  its  inner  end  was  level  with  the  top  of  the  track.  The 
material  was  plowed  aa  before  in  steps  of  12,  18  and  2214  ft, 
feeding  down  each  time,  (with  the  wing  at  the  mlnim-'m  width 
of  spread ) ,  as  before  described,  in  order  to  provide  dumping  apace 
for  the  next  load. 

More  material  was  now  dumped  and  the  aame  procedure  wa9 
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repeated  each,  time ,  ch&ngiDg  the  slope  of  the  bank  by  bringing 
ia  the  tip  of  the  wing  1  ft.  Tills  added  eucceesive  wedge-shaped 
slices  to  the  embankment.  Thia  procedure  was  repeated  until  the 
minimimi  width  of  spread  was  reached,  or  12  ft. 

The  embankment  by  thie  time  had  attained  a  height  of  7  ft. 
with  a  top  width  of  10%  ft.,  this  last  dimension  being  the  differ- 
ence between  maximum  and  minimiun  width  of  spread,  with  the 
wing  at  the  maKimum  inclination. 

If  it  is  desired  to  raise  this  embankment  to  a  stitl  higher 
eleration,  the  tracks  ta&y  be  lifted  b;  a  locomotive  crane,  sec- 
tion by  sectioQ,  and  placed  od  this  new  embankmoit,  and  the 
above  procedure  repeated  as  often  as  necessary,  as  shown  in  the 
accompanying  sketch. 

It  must  be  remembered  that  the  procedure  here  descritied  is 
that  followed  on  the  spoil  dump  of  the  Hull-Rutit  Mine  at  Hil>- 
bing,  Minn.,  but  it  may  readily  be  seen  that  conditions  en- 
countered elsewhere  i^ight  alter  the  method  employed  in  small 
details-  For  instance,  if  boulders  were  not  encountered,  the  whole 
procedure  would  'be  considerably  simplified.  It  was  found  that 
large  boulders  could  be  easily  plowed  and  elevated  if  the  wing 
encountered  thia  boulder  below  its  center, 

Shrtnka^  of  Earth  Embankments  when  made  with  various 
kinds  of  equipment.  Specific  instances  of  shrinkage  of  railway 
embankments  were  cited  in  a  committee  report  submitted  at  the 
20th  (IfllB)  annual  convention  of  the  American  Railway  En- 
gineering Aasociation,  Information  was  given  regarding  8  em- 
bankments between  mileposta  540  and  553  on  the  Atchison,  Topeka 
&  Santa  Fe  By.  The  following  tabulation  compiled  from  the 
report  shows  the  percentage  of  material  required  to  restore  the 
several  embankments  to  their  oiiginal  width  after  a  lapse  of  4 
yeara'  time; 


width     BhriDksK 


Embankncnt  No. 


EJmLankmaiLt  i 


fi   67.709 


The  base  of  embankment  No.  1  was  constructed  from  side- 
horrow  with  (resnos.  It  was  topped  with  wheelers  and  carts. 
The  material  was  brown  pack  sand,  gyp  and  joint  clay:    The 
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base  of  embankment  No.  2  was  also  made '-'f rain  aide  borros 
with  frennoB  and  wheelers.  It  waa  topped  with  cars.  Th« 
material  wax  the  name  as  for  No.  1.  For  No.  3  the  base  wa~ 
placed  with  freanos;  it  was  topped  with  wheelera.  The  material 
was  brown  pEick  sand,  gyp  and  joint  elftj".  Several  raine  of 
ciirred  during  the  period  this  fill  was  being  placed  which  accounts 
for  the  small  amount  of  shrinkage.  The  base  of  No.  4  w»- 
plaeed  with  fresnoe;  it  was  topped  with  wheelern  using  (ryp 
and  pack  sand.  The  base  of  No.  5  was  placed  with  freHUci! 
from  aide  borrow;  it  was  topped  with  machine  and  wagons.  Tht 
material  was  red  Bandy  clay  and  gyp.  Presnoa  were  used  in 
placing  the  base  of  No.  6;  it  was  topped  with  wheelera.  The 
material  was  brown  aandy  clay  and  gyp.  During  the  time  thii 
nil  waa  being  put  in  there  were  several  very  heavy  rains,  whicl 
accounts  for  small  amount  of  shrinkage.  The  fill  for  embank- 
ment No.  T  was  made  from  side  borrow  with  freanos;  the  material 
was  black  sandy  loam  and  clay.  The  till  for  No.  8  was  made  from 
side  borrow,  the  base  being  placed  with  fresnoe  and  the  top  with 
wheelers.  The  material  was  black  sandy  loam -and  brown  sandi 
clay  and  gyp. 


l;.  GOO(^l(J 


SECTION  45 
HEATEES 

A  heater  conBisting  of  a  Hteel  framework  (Fig.  185J  tlie  aides 
of  which  are  built  up  of  perforated  shelves  arranged  so  tliat  the 
gravel  or  stone  dropa  from  one  shelf  to  another  and  is  heated  by 


Fig.    185.     A   Portable   Gravel    Ili^af^r. 

re  built  beneath.     It  will  dry  gravel  or  stone  up 
,  but  cannot  be  used  for  drying  sand. 
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Heaters  similar  to  the  one  shown  by  Fig.  186  suitable  foi 
drying  sand  are  made  in  three  sizes,  with  and  without  esterntil 
gratings.    They  cost  as  follows; 

CspMity  in  Approiimiile  sblp-  Price 

toUB  dsilr  pine  weight  in  lb.  t.  o.  b.  tactoiy 


Fig.   186,     Sand  I>rying  Stove. 

Portable  Sand  Drier  coiisisting  of  two  drums,  one  within  an- 
other, the  inside  one  being  30  in.  in  diameter  and  10  ft.  long, 
and  the  outer  48  inches  by  11  feet,  giving  the  two  a,  total  area 
of  21fl  sq,  ft.  of  heating  surface,  is  operated  by  an  8  hp,  engine 
with  a  12  hp.  boiler.  The  time  required  for  the  material  to  pass 
through  the  drums  is  stated  to  be  four  minutes.  The  capacitj 
per  hr.  is  8"^  cu-  yd.  of  sand  containing  not  more  than  2^ 
.  moisture  heated  to  about  350°  F.  The  heating  is  done  by  a 
kerosene  or  crude  oil  burner  placed  so  as  to  fire  the  inner  drum. 
The  approximate  fuel  consumption  is  75  gal,  per  day.  This 
machine  is  mounted  on  a  steel  frame  and  wheels;  it  weighs  ap- 
proximately 7,600  lb.  and  costs  about  $1,800  f.  o.  b.  Chicago, 
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A  combination  Band,  stone  and  water  heater  is  herewith  illus- 
trated (Fig.  ISS).  It  vsB  used  to  heat  the  materiala  iised  in 
conutructing'  ctHicrete  culverta  on  the  New  York  Central  &  Hudaon 
River  R.  R.  It  consists  of  a  semi -cylindrical  sheet  of  steel  10 
ft,  long  and  2  ft.  high.  One  end  of  the  arch  is  closed  and  a 
short  smokestack  is  erected  on  top.  On  the  other  end  a  water 
tank  having  a  capacity  of  97  gallons  and  with  a  radiation  of 
12   square   feet  is   constructed.     A  wood  ftre  ia   built  under  the 


Fig.  187.    Portable  Sand  Drier. 

work  and  the  «and  and  gravel  to  be  heated  are  heaped  on  the 
top  and  sidea.  It  weighs  1.200  lb.  and  can  be  built  for  about 
«100. 

Rig  for  Thawing  Frozen  Oronnd.  The  following  ia  from  a  re- 
port by  the  author,  on  a  method  of  thawing  frozen  ground,  during 
the  winter  of  1917-19,  at  tlie  New  York  Navy  Yard,  while  he  was 
there  in  the  capacity  of  Supervising  Engineer.  Thia  method 
proved  at  least  twice  as  efBcient  as  any  other  previously  known 
to  him  or  to  the  contractor  on  that  work. 

In  order  to  evpedile  the  construction  of  the  aircraft  storage 
building  at  35th  Street,  it  was  necessary  to  devise  an  effective 
method  of  thawing  the  ground  within  the  building  which  had 
been  frozen  to  on  average  depth  of  some  24  inches  as  a  result 
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of  the  exceedingly  cold  weather  that  commenced  in  the  last  week 
of  December,  1917. 

As  soon  as  the  building  was  roofed  and  the  sash  glazed  the 
contractor's  espert  devised  a  method  that  was  substantially  as 
follows ; 

A  considerable  number  of  %-inch  steam  pipes,  each  one  con- 
nected with  a  valve  and  fitted  with  an  elbow,  were  connected 
to  a  25  hp.  boiler  through  a  3-iiich  main  in  such  a  manner  that 
a  steam  jet  from  each  of  these  pipes  could  be  directed  into  the  . 
ground  into  which  at  proper  intervals  to  lit  these  pipes  holes  had 
been  previously  made  with  the  aid  of  very  hot  iron  bars  worked 
into  the  soil  by  hand.     These  holes  were  spaced  in  the  neighbor-    ' 


hood  of  three  feet  apart  and  after  the  pipes  had  reached  to  the 
bottomB  of  the  holes  previously  driven,  the  entire  affair,  which 
measured  some  20  feet  x  TiO  feet,  was  covered  with  a  tarpaulin 
stretched  about  3  feet  above  the  ground  with  enclosed  ends  and 
sides.  Upon  ateam  being  turned  on,  the  condensation  resulted 
In  each  of  the  hole§  being  filled  with  water  which  was  kept  at 
the  lioiling  point  by  the  issuing  steam,  and  the  hot  water  grad- 
ually thawed  the  gjround  and  percolated  into  the  ground  between 
the  holes,  finally  producing  a  boggy  mass  which  had  the  merit  of 
not  being  frozen.  It  had  the  disadvantage,  however,  of  beiUft 
so  wet  as  to  be  unsuitable  for  the  laying  of  concrete  floor,  and  the 
method  had  the  further  disadvantage  that  it  required  about  48 
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•hours  to  thaw  out  the  ground,  several  hours  to  adjust  the  ap- 
paratus and  aeveral  hours  more  for  the  water  to  draiu  away 
Humdently  to  enable  couture  ting  to  proceed.  The  method  waa 
very  coHtly  to  the  contractor  and  resulted  in  filling  the  building 
with  moisture  from  the  steam  that  escaped  through  and  under  the 
tarpaulins. 

After  some  eiic  days  of  experiment  with  the  above  described 
arran^ment  the  contractor  was  induced  to  make  a  test  accord- 
ing to  a  plan  recommended  by  the  author.  The  test  having  been 
very  satisfactory,  the  method  waa  adopted  and  is  here  described. 
The  coat  for  lalior  and  materia!  per  square  foot  of  ground  by  the 
method  proposed  and  described  below  is  approximately  one- 
third  the  cost  of  the  method  described  above,  and  the  time  re- 
quired to  thaw  the  ground  by  the  method  to  be  described  is  about 
one-fourth  the  time  required  by  the  previous  method.  It  is 
therefore  tielieved  the  method  has  sufficient  merit, to  deserve  con- 
sideration. It  is  not  claimed  that  the  method  is  new  and  it 
certainly  introduces  no  facte  new  to  steam  engineering  or  ther- 
mo-dynamics,  and  it  seems  rather  surprising  that  it  does  not 
appear  to  he  generally  known  to  contractors  who  have  occasion 
to  lay  concrete  where  the  ground  is  frozen. 

Few  situations  are  more  agonizingly  baffling  than  to  have  to 
lay  concrete  on  ground  which  one  does  not  know  how  to  thaw 
out  rapidly,  and  it  is  believed  that  any  method  which  may  relieve 
such  a  situation  at  any  time,  no  matter  how  simple  or  bow 
crude,  is  deserving  of  being  brought  to  the  attention  of  those 
who  have  such  work  to  do. 

The  method  proposed  and  adopted  is  as  follows:  Six  units  of 
area  for  thawing  were  arranged,  each  unit  consisting  of  13  lengths 
of  %-inch  pipe  20  feet  long.  Each  of  the  six  units  or  coils  has 
at  its  supply  end  one  2-inch  x  %-ineh  reducer  and  one  %-inch 
globe  valve,  and  at  its  return  end  one  %  inch  globe  valve 
and  the  pipes  are  arranged  as  illustrated  in  the  accom- 
panying figure.  .  By  arranging  the  pipes  in  the  manner  shown, 
it  is  not  necessary  to  connect  and  thread  the  pipes  to  the  exact 
20  ft.  lengths,  but  they  can  be  purchased  as  they  come  in  the 
market,  usually  an  inch  or  two  overlength.  A  couple  of  pieces 
of  2K4-in.  studding  IS  feet  long  underneath  each  unit  or  coil 
is  useful  for  moving  the  unit  about  from  one  completely  thawed 
piece  of  ground  to  the  next  section  to  be  thawed.  It  will  be 
observed  that  in  this  manner  steam  is  admitted  to  a  unit  of 
%-inch  pipe  amounting  to  some  260  feet  in  length  and  conta'in- 
ing  some  72  square  feet  of  external  beating  surface.  These  units 
arranged  six  at  a  time,  are  laid  directly  on  the  frozen  ground 
and  covered  by  the  tarpaulin,  which  is  separated  from  the  pipe 
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by  2  or  3  inches,  accomplished  bj'  laying  2x4  pieces  of  wood 
upon  the  pipe  at  3  or  4  foot  intervals.  The  second  tarpaulin  is 
placed  over  the  first  aod  separated  from  it  hj  the  space  of  3  or 
4  inches  in  a  similar  manner. 

6.  A  test  was  made  on  Januar;  18,   1918,  on  an  area  of  2,000 
square  feet  and  the  following  figiires  obtained: 

Area  coYfred    2,000  aq.  H. 

Depth  o(  froal  15  inchsB 

Ouldoor  tsniperaturc  UveraitB)  27  Seg.  F. 

Indoor  IsmverBture  (avorage) S3  deg.  F. 

Type  of  boilpr 70  hp.  locomoliTB 


3"  supply  piping: 

Outdoor  30  feet 20  »q.  ft.  snrfsce 

Indoors  110  feet  eipoeed  to  air  TE  sa.  ft.  snrtace 

1,721  leet,  covered  with  Urpauiins  451  sq,  II.  Burfsce 

An  efficiency  test  was  run  from   10:00  P.m.  to  8:30  a.m.,  or 
10.6  hours.     The  results  obtained  were  as  follows: 


or  approximBlol]'   0.4  ton 

Water  nied  S16  gal. 

Teinnprature    laverage) 3*  dog.  P. 

Condenaate «S0  g^. 

Tomperatore    (flverage)    ZOS  3fg.  F. 

Hncondenaed  slBam   16.5% 

rhe  coat  of  thawing  out  the  ground  was  as  follows: 

TransportalloD  (both  ways)  and  erection,  2  boilers tlS^DO 

Pipe  and  BttingB,  $531  les?  50%  HOlvage  B65.SII 

K25.50 

Area  of  baildingB  (SBO'iSOO'),  U4,000  eq.  ft t    O.tMK 

Cost  per  Square  Foot. 

Lalior  (onaiueerB.  tending  eoIlB  and  moring  apparotos).  IT35.C0 

BoLler  rent  6I.S0 

Coai    98.00 

ToUl    )8M.KI 


Total  cOBt  per  Bquare  foot  (1918  flgurei)   t    0.0435 

7.  During  the  thawing  process  a  trial  was  made  of  covering  the 
steam  pipes  with  sand  and  placing  the  canvas  covers  as  before. 

This  method,  however,  did  not  give  as  good  results  as  when  no 
sand  was  used  and  was  therefore  discarded. 
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St«am  driven  engines  are  manufactured  in  an  immense  variety 
of  styles.  Below  are  given  the  Hverage  prices  of  tbe  t;pra  most 
generally  used  These  prices  and  weights  vary  greatly,  but  they 
are  aceurate  enough  to  bo  used  for  estimating.  For  the  purpose 
of  tabulating,  hoisting  engines  have  been  arbitrarily  divided  into 
tie  followinn  cIsbsph; 

Double  Cylinder  Single  Triction  Dnim  Engine  adapted  to  woric 
in  bridge  building,  pile  driving,  log  skidding  and  general  hoisting. 


Appri 


»gtatinlb.  f.  o.b.  f. 


Donble  Cylinder  Double  Friction.  Drnm  Ei^ne.  Adapted  to 
haulinic  cars,  pile  driving,  hriilge  building,  operating  derricks  a  td 
general  hoisting  purposes,  circular  saws,  concrete  miners,  centri- 
fugal pumps,  etc.  ' 

Approximale  ship-  Price 

Hp.  ting;  w^'Jghi  ia  lb.  f.  •.  b.  laclory 


Double  Cylinder  Three  Friction  Dmm  Unfflne  for  boom  derricks 
with  orange  peel  and  clam  shell  buckets. 


ping-weijhtinlb. 


Double  Cylinder  Donble  Frtotton  Smm  Engine  with  reversing 
geara  and  drums  for  swinging*  boom  derricks. 

Api>r(wiiDB(o  nhip-  Prits 

Hp.  ping  vtifht  (n  lb.  f,  o.  b.  factorr 

a  8  Iftt  K.2M 
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Fig.   199.     Double  Cylinder  Single  Friction  Drum  Engln. 

Electric  Hoists 
SiNOLR  Frictio.v  Drum  Electric  Holkt 

Appronimalo  i<hl|i-  Price 

Hp.              pmp  weight  in  lb.  d.c.moUiii  a.c.nuA 

e                             3.200                              ]I,A90  tl,050 

10                              fi.OOO                               l.JSO  I.IBO 

15                              «.50n                                IMS  1.425 

20                              8,000                                1,700  1,E2& 

Double   Fiiction  Drum  Electric  Tloist 
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Fig.   100.     Double  Cylinder  Double  Friction  Drum   Engine. 

Double  Friction   Drum  Electric   Hoist 
with  patent  reversing  boom,  ewinging  gear  and  drums 

IS  S,509  2.1*0  2,000 


Doable  Cylinder  Double  Fitotion  Drum  link  engine  with  ratch- 
ets, pawls  and  winch  for  general  hoisting  and  operating  material 

elevator  and  elevator  sheaves,  etc. 


The  prices  for  the  foregoing  hoisting  engines  are  for  the  com- 
plete outfit.     If  the  hoisting  engine  is  to  l>e  used  in  connection 
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Fig.   101.     Hoiating  Engine  with  BooDi  Swinging  Drum 


Fig.    102.     Double   Friction   Drum   Electric   Hoist. 
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Dredtre    Entrtne*.     A    double    cylinder,    double    friction    drum 
dredge  engine  wiUi  braJce  bands  and  boiler  costs  &b  follows: 


veight  in  lb. 

I.  D.  b.  [UtOTT 

15.500 

K.400 

M,0(W 

B.TOO 

Xetliod  of  Compntli^  Eope  Capacity  of  a  Drum.  The  method 
of  computing  rope  capacity  of  a  drum  used  by  the  A.  Lescben 
&  Sons  Rope  CMOpony  is  as  follows:  Add  the  depth  of  flange 
in  inches  to  the  diameter  of  the  drum,  aDd  multiply  this  result 
by  the  width  (out  to  out)  of  the  drum.  Tbia  product  is  then 
multiplied  by  the  figure  below  corresponding  to  the  size  of  rope 

^4  In LIS        m  in OSB 


lli  in .807      21i  in Mi 

IVi  in .167 

Cott  of  Operating  Steam  and  Electric  Xotor  Hoiit.  The  follow- 
ing notes  on  an  electric  hoist  as  compared  with  a  steam  hoist 
appeared  in  Engineering  and  Contracting,  Jan.  21,  1914. 

The  electric  hoist  does  not  require  a  licensed  engineer.  Almost 
any  intelligent  workman  oin  le»rn  to  operate  it.  The  control 
is  very  simple,  and  the  motor  requires  no  attention  when  operat- 
ing! A  single  handle  controls  all  motor  operations.  Throwing 
it  one  way  starts  the  hoist  in  one  direction,  the  speed  depending 
upon  how  far  the  handle  is  moved  j  throwing  the  handle  in  the 
opposite  direction  reverses  the  hoist,  the  same  speed  range  being 
also  available. 

The  electric  hoist  requires  no  fireman,  no  fuel  or  water.  There 
are  no  ashes   to  handle,  no  objectionable  smoke  and   exhaust, 
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and  no  sparke,  which  eliminHtea  the  fire  risk.  The  electric  hoist 
is  also  lighter  and  more  ciimpact  than  the  steam  hoiBt  witJi  Its 
boiler,  and  is  therefore  cheaper  to  moTC. 

Where  the  steam  hoist  is  driven  from  an  independent  boiler, 
steam  pipes,  which  are  leaky  and  awkward  t«  handle,  must  be 
laid.  The  electric  hoist,  on  the  other  hand,  ffete  its  power  from 
flexible  cahles  which  can  be  run  anywhere  with  ease. 

Another  advant&ge  of  the  electric  hoiat  ie  that  it  consumes 
power  only  when  actually  in  use,  and  when  at  rest  involves  no 
expense  for  power  whatever,  whereas  with  a  steam  hoist,  steam 
must  be  kept  up,  and  frequently  the  stand-by  expense  exceeds  the 
actual   operating  expense. 

The  motor-driven  hoist  is  in  general  less  likely  to  be  out  of 
(-ommisaioii  than  a  steam  hoist.  It  can  be  started  at  an;  time 
without  delays  for  steaming  up.  There  ia  nothing  about  it  to 
freeze  up  and  hence  it  is  independent  of  weather  conditions.  The 
simple  construction  of  the  niotor,  with  its  two  bearings  only  and 
no  reciprocating  parts,  insures  minimum  delays  for  repairs,  and 
as  for  reliability,  motors  designed  especially  for  crane  service 
are  as  strong  and  ru^ed  as  any  steam  engine. 

There  remains  nothing  but  a  consideration  of  the  cost  for 
current  as  compared  with  that  for  coal.  This  will  naturally 
vary  with  looal  conditions,  but  it  can  be  stated  that  .in  general 
the  coat  of  operating  an  electric  hoist  will  not  be  greater,  all 
factors  considered,  than  that  of  operating  a  steam  hoist. 

For  example,  with  a  coal  hoist  in  Pittsburgh,  where  a  motor 
was  directly  substituted  for  a  steam  «igine,  all  other  factors  re- 
maining the  same,  the  following  results  were  obtained: 

Cost  of  do»L  per  monlh  t  «0 

Cost  of  WBler  per  rnonlll 15 

Cost  of  electric  power  per  month  - I  77 

Wages  of  engineer  per  month  125 

Wages  of  motor  operator  75 

ToUto   .'.'. »100  tlEt 

Thus  the  electric  hoist  showed  a  saving  of  $48  per  month. 
But  it  also  proved  itself  able  to  handle  more  coal.  With  the 
ateam  hoist,  a  bucket  containing  42  bushels  was  lifted  every  60 
seconds,  whereas  the  electric  hoist  required  only  50  seconds  for 
the  trip,  because  it  could  be  accelerated  more  rapidly.  Henc6  in 
a  10-hour  day  the  electric  hoist  can  perform  120  more  trips,  or 
handle  over  5,000  bushels  more  than  the  steam  hoist. 

The  cost  in  labor  of  unloading  from  care  and  setting  up  a 
hoisting  engine  ready  tor  work  averages  from  $.'!5  to  $50   (lOlO 

Qasoline   Hoiat.    The   following  are   some  prices   of   gaaoliue 
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driven  hoists.     These  are  fumished.  complete  with  magneto. equip- 
ment.    If  battery  reserve  \g  also  required  the  price  is  $10  extra. 

Chain   Ukives  Sinqlb  Drum  Hoists 
Back  geared  —  non  reversible 

Hp.  piag  welsfat  in  lb.  [,  o.  b,  tactaTy 

«  2,sea  tS7r. 

9  3.!>80  S0» 


CllAIB 

Drives  Double 

Drum 

noiSTs 

Back  geared  —  non 

s,5en 

'■ 

Price 
o.b.f»0WT 

t  m 

33.    Gasoline  Hoist. 


A  small  chain  driven  gasoline  hoist,  portable,  non-reTersible 
having  a  single  drum,  horse  power  3',^;  appro.ximate  shipping 
weight  l,8.'i0  ib.  i»  priced  at  $445  f.  o.  b.  factory.  A  similar  ma- 
chine of  the  same  horse  power  with  a  double  drum  weighs  about 
2,200  lb.  for  shipment  and  is  priced  at  $625. 

Gasoline  hoists  of  another  make  are  priced  as  folio-,vs:| 
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Heavy  Duty  Double  Dbom  Hoiots 
(non- reversible,  with  magneto  and  friction  clutch)    . 
Hp. 


pproiimata  sbip- 
•ngwcLghtmlb. 

t.  0.  b.  factor? 

2,250 
3,4DO 

1J20 

reversible 

!,S60 

'ii 

Double  boom  Bwinger  for  the  above,  complete,  $200.  If  fricticoi 
clutch  gear  is  Dot  wanted  deduct  $46,  II  Bosch  magneto  ia  not 
wanteil  deduct  $60. 

Heavy  Duty  Single  Dbuu  Hoists 
(non 'reversible,  no  magneto  or  friction  clut«h) 

ApproxiiBBle  ship-  Priie 

Hp.  pint  weight  in  lb,  f,  o.  b.  tictori 


15  3,350  1,250 

In  the  above  hoists  the  drums  hold  1.250  ft.  of  Vi-'ia.  cable, 
and  have  a  line  speed  of  150  ft.  per  min.  If  an  independent  winch 
head  is  wanted  add  $67  to  the  above  prices. 

These  machines  ma;  also  be  had  in  a  light  dutj  type  having  a 
drum  capacity  of  750  ft.  of  ^-in.  line  ajid  a  line  speed  of  125  ft. 
per  min.  Tlie  non-reversible  double  drum  type  may  be  had  in 
three  sizes  4^6,  8  and  S  hp.  It  weighs  1,250  lb.  without  engine, 
1,850  to  2,400  lb.  for  shipment  with  the  engine.  The  price  ia  $455 
without  engine  and  from  $655  to  $S00  with  engine. 

The  reversible  light  duty  double  drum  type  weighs  about  100 
lb.  more,  an'd  costs  $50  more  for  each  size. 

The  light  duty  single  drum  non-reversible  hoists  weigh  800 
lb.  and  cost  $250  without  engine.  With  a  4  hp.  engine  it  weighs 
about  1,450  lb.  for  shipment  and  costs  $455.  The  6  hp.  size 
weighs  about  1,650  lb.  for  shipment  and  costs  $530. 
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The  light  duty  reversible  eingle  drum  hoieta  weigh  about  100 
lb.  more  and  coat  $55  mure  than  the  non- reversible  type. 
Extras  for  the  light  duty  boiats  cost  as  followa; 

Double  boom  awinger,  conmlBtfi  tSW 

IndeuMident  wlnehhcad.  ccmplote  El 

Boaih  magnelo   56 

friction  dutcb  eneiiu  getr  45 

Light  single  drum  hoists  having  a.  drum  capacity  of  750  ft. 
of  ^-in.  cable,  a  line  speed  of  100  ft.  per  min.  and  a  single  line 
pull  ot  from  750  to  1,350  lb.  cost  for  the  non-reversible  type  as 
follows : 

Approiimate  ehlp-  Price 

Bp.  ping  wfliglit  in  lb. '  t.  o.  b.  tactorr 

Dcnu  150  t  80        ' 

3»  ,  m  ?1? 


The  reversible  light  single  drum  hoiata  neigh  about  100  lb. 
more  and  cost  about  $70  more  than  the  non- reversible  for  each, 
size.    Magneto  $55  extra. 


Fig.   194.    Beversible  Belt  Driven  Hoist 

Small  Belt  Driven  Eoiit.  A  reversible  friction  hoist  designed 
to  be  operated  by  a  gasoline  engine  or  motor  through  a  belt  has 
the  following  specilicationB: 
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Dimensions  and  Capacity 


belt  nor  ougme,  K25. 

Compressed  Air  Hoist.    A  boist  intended  for  light  lifting  work, 

having  a.  capacity  of  one-half  ton,  is  adaptable  to  various  kinds 
of  hoisting,  such  as  materials  and  tools  in  structural  work,  plac- 
ing concrete  forma,  laying  aewor  pipe,  drain  tile,  etc.,  and  for 
moving  dump  cars  over  a  limited  distance,  etc.     It  will  accotumo- 


r  Operated  Hoist  tor  Construction  Work. 


date  a  length  of  TOO  ft.  of  V*'in.  rope  or  450  ft.  of  ^9  rope.  The 
capacity  is  1,000  lb.  at  a  rope  speed  of  85  ft.  per  min.  at  a  pressure 
of  85  lb.  It  will  operate  on  either  compressed  air  or  steam,  has 
a  single  drum,  moving  parts  except  drum  enclosed,  weighs  less 
than  300  lb.  and  costs  $350. 

Traetion  Power  Hoist.     A  liyht  self-propelled  power  hoist  capa- 
Ide  of  lifting  3  tons  at  a  radius  of  9  ft.  ia  operated  by  a  gaso- 
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Pig.   198.     Traction   Power   Hoist. 


line  eogine  with  friction  clutch  controls  for  hoisting,  swinging  and 
traveling.  The  fuel  eBtimste  is  a  gaJ.  of  gasoline  per  10  hrs.  'Die 
traction  speed  is  from  >4  to  1  mile  per  hr.  The  shipping  weight- 
complete  is  about  5,650  lb.,  and  the  price  is  12,800  f.  o.  b.  Chicago. 


,;.  Google 


SECTION  47 

HOISTS 

Material  elevators  conatructed  so  that  one  platfcHTD  is  moving 
up  at  th3  same  time  the  other  is  moving  down  are  built  of 
wood  reinforood  with  iron.  The  price  includes  all  the  uecessary 
sheaves  and  %-iii.  6  k  19  crucible  steel  rope. 

Lenctbof  I — Weight  in  Lbs. — i  . Piiet . 


The  following  table  is  for  single  platform  material  elevators 
with  wooden  platforms. 


The  following  prices  are  for  single  ptatfonn  material  elevaton 
with  ateel  platformH  6  ft  b]'  6  ft. 

Length  of  Price  Price 

ffuldei  in  ft.  wllh  guides  without  gDlda 


180  .26!  218 

These  elevators  ma}'  also  be  had  in  lengths  of  40,  66  and  CS  ft. 

at  cor rea ponding  prices. 

A  single  or  double  cage  elevator  without  cable,  cable  sheavea, 
or  sheave  bearings  costs  $!I0  and  weighs  010  and  940  lb.  respec- 
tively, for  shipment.  Upper  sheaves  with  hearings  cost  $10.60 
each  and  the  lower  sheaves  with  bearings  cost  $4.7.')  each.  The 
double  cage  elevator  is  similar  to  the  one  shown  in  Fig.  197.  It 
has  two  cages  3  ft,  by  6  ft.  The  single  cage  elevator  has  a  cage 
5  ft.  8  in.  by  6  ft. 

A  light  traveling  elevator  illustrated  by  Figs.  198  and  199 
was  described  in  Vol.  71,  No.  24  of  Engineering  Record  by  Mr. 
Kobert  Shannon.  He  states  that  this  rig  has  cheapened  by  40  to 
50  cents  per  cu.  yd.  the  coat  of  placing  relatively  small  volumes 
of  concrete  in  piers  and  floors  of  building  work.  This  saving 
per  cubic  yard  is  over  the  cost  of  doing  similar  work  with  a  dis- 
tributing system  depending  on  a  tower  elevator.  A  complete  ele- 
vator of  this  kind,  including  the  skip,  haa  been  built  for  less  than 
the  cost  of  the  average  tower  alone  of  the  same  height.  One  of 
these  towers,  35  ft.  high,  has  been  set  up  and  material  handleH 
on  it  46  min.  from  the  time  it  arrived  on  the  job.  The  elevator 
is  rolled  along  on  a  track  beside  the  wall,  floor  or  pier  forms  into 
which  it  is  delivering,  saving  wheeling  materials  on  long  runs.  It 
is  built  in  12-ft.  spliced  sections,  and  can  be  easily  knocked 
down  and  taken  to  another  contract  or  to  another  part  of  the  Job. 
The  one  illustrated  has  a  5-cu.  ft.  skip,  and  was  uned  with  a  port- 
able mixer  mounted  on  a  truck  which  discharged  directly  into 
the  skip.  The  concrete  mixer  was  built  with  a  special  hoist  added 
for  the  purpose  of  hoisting  lumber  and  forma,  as  well  as  concrete, 
BO  that  it  is  a  combined  mixer  and  hoist. 

A  separate  gasoline  hoist,  however,  may  be  used  with  this  ele- 
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vator,  and  it  or  the  miier  or  both  moved  only  at  intervals.  In 
this  event  concrete  may  be  carried  to  the  skip  in  carts.  On  one 
job  where  the  line  neeided  to  reach  the  extreme  position  of  tlie 
elevator  was  too  long  to  be  coiled  on  the  drum  of  the  hoist  when 


Fig.  198.    Elevator  in  Um. 

the  elevator  was  near  by,  the  end  of  the  rope  was  coiled  up  and 
clamped  above  the  bail  of  the  bucket. 

Where  the  elevator  is  moved  and  the  hoist  remains  stationary, 
it  is  impossible  to  mark  the  cable  so  the  engineer  ca.n  tell  when 
the  skip  is  in  a  dumping  position.  Neither  is  it  always  possible 
for   the  mgineer  to  see  the  skip  in   thi^   position.     In   place   of 


HOISTS 

having  the  ordinary  bell,  pulled  with  i 
of  the  form,  an  electric  contact  devil 
on  which  the  bottom  wheela  of  the  skij 
hoist  when  the  skip  reacheH  the  dumpi 
its  load.    This  device,  made  of 
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ce  mounted  on  the  guides 
p  run  rings  a  signal  at  the 
ng  position,  and  dischargeB 
spring  and  contact  fastened 


with  carpet  tacka,  is  shown  in  the  accompanying  drawing. 

The   elevator   is   shown   arranged  as   an   A-frame  straddling   a 

series  of  pier  forms  or  a  wall  form  in  the  drawing.     It  may  also 

he  used  without  the  back  legs  and  the  second  track  by  leaning  it 


iling  Elevator. 


against  the  form  work  or  against  the  site  of  the  building.  As 
it  is  very  light,  it  is  easy  for  one  or  two  men  in  the  latter  case 
to  hold  it  out  from  the  building  white  it  is  being  rolled  along 
the  track.  It  may  also  be  held  out  from  the  building  by  a  guy 
line  attached  to  its  top.  The  elevator  has  been  used  in  the  con- 
struction of  the  Danforth  Theatre,  a  swimming  pool  known  as  the 
Peoples  Palace  and  several  other  buildings  in  Jersey  City, 


c.  Google 
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The  price  of  horses   and   mules   varies  very  greatly  with   the 
locality,  season  of  the  year   and   also  from  year  to  year.     C 
erally  apeaking,  a  good  horse  or  mule  co«ts  from  $200  to  $350.  ' 
A   mule   weighing   1,100   lb.   will   do  as  much   work   as  u   boTSf 
weighing  .1,400    lb.,    and    is    less    liai^le   to    sickness,    can    stand 
harder  treatment,  and  eats  slightly  leas  than   &  horse.     Twenty- 
eight  mules  bought  in  Kentucky  and   Missouri  in   1910  were  < 
an  average  weight  of  1,100  lb.,  average  age  6  years  and  coat  o 
an  average  of  $255,   including  expenses  of  transporting  to   New 
York.     As  a  rule  a  mare  mule  is  more  desirable  than  one  of  fhe  i 
other   sex.     A  freight  car   load  of   horses   or  mules  contains   22,  ■ 
an  exprens  car  load  28.     It  takes  about  three  weeks  to  acclimate  s  : 
green  animal.     The  annual  depreciation  of  a  horse  used  on  con- 
struction  work   is   about   15%.     In    figuring  the  cost  of   feeding 
horses  on   construction   work   it  should   bo  appreciated   that   the 
horses  will  eat  hay  the  whole  year  round,  while  they  will  require 
grain   only   during  the   period  when   they   are  actually   working. 
Hay  necessary  for  one  horse  for  one  day  is  14  lb.  of  hay  grown 
by  irrigation  or  22  lb.  of  cultivated  timothy  and  red  top  or  30 
lb.  of  native  hay.    One  horse  or  mule  eats  as  much  aa  three 
burros  or  jacks. 

.The  average  daily  feed  of  each  horse  or  mule  used  by  the  H.  C. 
Frick  Coke  Company  during  a  period  of  siv  years  was  26  ears  of 
com  (70  lb.  per  bu.),  0  qts.  of  oata  and  I6i^  lb.  of  hay.  A 
water  supply  flufficiently  large  to  give  14  gallons  of  water  to  each 
horse  should  he  allowed  for. 

In  the  southern  portion  of  the  United  States  horses  on  large 
jobs  may  work  almost  every  day,  but  in  the  north  it  is  ordi- 
narily possible  to  obtain  180  days'  work  each  year  only. 

In  a  Brooklyn  St.  Ry.  cost  of  feeding  2,000  horses  was  $30.00 
per  month  each  prior  to  1910  and  the  depreciation  per  horse  was 
considered  to  l>e  25%  per  annum.  Besides  about  4  galltms  of  wa- 
ter  per   day   each    animal   consumed    the    following   amouuta   of 
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Oaaaamed.      Total  (!■».) 
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per  Hone. 
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Tolsli.    prior   to  ISIO 

to 

According  to  some  records  in  Manhattan,  Brons  and  Brooklyn, 
the  cost  with  the  average  number  of  horses  kept  for  this  period 
were  as  shown  below,  the  coet«  and  averages  being  figured  on  the 
iMsis  of  306  da;s  per  year: 

IfaobatUn.  Brooklrn.  ATersfea. 

Average  Dumber  of  horeei  kept  1,171  681  I.KSe 

SUble  reiiUI    (41.44  t  U-94  t  31  50 

Stable  labor   237.00  268.00  248.00 

Feeding  and  bedding  171,00  171.00  171.0» 


Mr.  Richard  T.  Tax  of  Chicago,  in  a  report  to  the  Street 
Cleaning  Departmeut  of  Boston,  gives  the  following  figures: 

Total  namber  ot  hone*  ooned  by  the  departmeDt liS 

MalatBioed  directly  by  the  d<*pBrtaieat  K 

Boarded   by   tbe    Sanitary   Daparlmeat    St 

Net   coat  par   bone   per   year   for    rent,    repaira,   ahoeing, 
TeleriiiarT  aervices.  medicine  and  feed,   prior  to  191D....t517J3 

Mr.  Fox  found  that  8.  S.  Pierce  k  Co.,  wholesale  grocers  of 
Boston,  psid  $27.6S  per  horse  per  month  for  maintenance  and 
sho^ng,  veterinary  services  and  boarding  in  a  public  stable. 

For  shoeing,  the  Street  Cleaning  Department's  bill  amounted 
to  933.43  per  year  per  horse.  He  found  that  Pierce  &  Co.  paid  a 
little  less  than  $12.00  per  year  for  veterinary  aerrlcea  and 
medicine. 

In  c<HistructiDg  the  water  purification  works  at  Springfield, 
Mass.,  the  teamiog  and  horse  work  was  done  mainly  by  teams 
owned  by  the  company  or  hir^  and  kept  by  it.  The  greatest 
number  of  horses  owned  was  43  and  the  greatest  number  hired 
and  kept  was  10.  Hired  horses  cost  (1.00  per  day  per  horse  for 
rent.  A  stable  100  ft.  long  by  30  ft.  wide  was  conatmcted,  and 
the  equipment  consisted  of  20  bottom  dump  wagons,  6  wheel 
scrapers,  ctrayana,  express  wagtws,  et«.  The  roads  were  in  bad 
shape   and  had  very  heavy  grades.     All   the  horses  were  young 
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and  cost  on  an  Average  $230  HLCh,  co»t  of  shoeing  and  keeping 
these  horses,  including  all  expenses,  was  as  Eolions: 

Cost  of  Teaming  Wobk  —  72,474  Eobse-Houbs 

Bnildinga.  Per  Hane-hcnu. 

CoBt  of  maleriala  uaed  In  bnUdinc  stable  10.006 

Cost  o(  Isbor  on  ggoie   .0038 

CoBt  o(  proportion  ol  mslertsi  uged  Id  blacksmith  shop..    .0001 
Cost  of  Ubor  on  «me   JWIO 

ToUl    cost   of    buildings    10.0104 

Depreciation  and  Repairs: 

Cost  ol  depreciation  od  toraes,  including  freight  |0,041 

Cost  of  depreciation  on  barneHees  and  repairs  on  saniB  .  .01 
Cost  of  d^iireciBtion  on  wagonB  sad  repair  parts  for  ume  M 
Cost  of  labor  on  wagon  repttirs   0038 

Total  cost  of  depreciation  and  repairs  t  0646 


OoBt  of  tabor  aboeioit   10.0066 

Coat  of  malorlals  (hoeing   00!         .0057 

Cost  of  fodder  of  aU  kinds    .0M5 

Grand  total  cost  of  keeping  horses  per  horse-hoar  kctu- 

a%     need     (O.SOOT 

Coat  of  single  teama  per  honr   tO.39 

Cost   of  double  teams   per   booi'    .6DS 

The  entire  cost  of  the  stable  and  a  fair  proportion  of  the  coat 
of  the  blacksmith  shop  is  charged  against  this  one  season's 
work.  Had  the  horses  been  kept  for  the  two  Reasons,  the  figure 
would  have  be«n  reduced  one-half. 

The  depreciation  on  the  horses  represents  the  value  of  five 
horses  lost  and  shrinkage  in  value  of  the  remainder  after  one 
season's  work.  This  figure  would  also  probably  show  BOtne  im- 
provement if  extended  through  two  or  more  seasons. 

The  wagons  received  rather  severe  usaee  under  the  steam 
shovel,  and  repair   bills  were   correspondingly   large. 

A  4-horBe  team  averaged  10*^  miles  per  day  over  fine  macadam 
roads  as  follows; 

Case  I.         Case  ^I. 

Loads    per    day    H  T 

Length  of  lead,  ft 3,000  0,3)0 

LeTol.     ft !,«0  2,400 


Net    load,    lona     3.00  8,50 

Tractive  force  on  leTel,   lb 2B5.S  aaO.B 

TraetivB  force  on  6%  grade,  lb «8.0  B78.0 

Duty  per  day,  foot  pounds  10,000,000  21,000,000 

Mr.  H.  P.  Gillette  has  maintaJned  teams  at  the  following  per 
month  per  t«RBi: 
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U  Ton  df  hi;,    @    tlO-W   t  G-DO 

*0  Bn.  o(  oflW,  ®  36  centB  10.60 

Strsw  for  bcdd^g  1.00 

81uwii«  BDd  msdidue  2.00 

tlS.EO 

Twenty-five  horses  working  for  a.  period  ol:12  months  on  road 
construction  in  San  FranelBCO,  coat  per  horee  per  day  as  f ollowa : 

28      Lb.  nhesl  hay  ©  (16.50  per  ton  I0.21S 

12      Lb.  rolled  barley   @    34,10  per  too    0.160 

IM  Lb.  ohU    @    2T.40perton    0.020 

!4  Lb.    bran    S      2.20  per  t™    0.003 

1^  Lb.  itTBff  iMddlDt   ®    la.Wimbni    0.000 

tO.SOT 
Wwcae  of  gUbteman   (tTTS  tor  12  moa.)  and  hanlinr  forage 
<J281  for  12  moa.)    0J13 

ToUI.  prior  to  1910  I0.B10 

COST  or  MAiHTAnnna  citt  owned  teaks  - 

Intereiting  data  on  the  maintenance  of  boTBee  by  nranicipftl 
departments  are  given  in  a  recently  isBued  report  by  the  Boehea- 
ter  Bureau  of  Munii^ipal  Reeeareh,  Inc.,  on  the  collection  of 
refuse  in  tti«  City  of  Rochester,  N.  Yl: 

Coat  of  Kalntklnlng  Hones  at  Columbna,  0.  According  to 
the  report  of  Superintendent  E.  W.  Stribling,  of  the  Division 
of  Garbage  and  Refose  Colleotion,  the  cost  of  maintaining  142 
horses  by  the  city  of  Columbus,  O.,  in  1910  was  83.7  ct.  per 
horse  per  day.  This  included  a,  cost  of  41.S3  ct.  for  feed: 
13.53  ct.  for  veterinary  Bervices,  shoeing  and  supplies;  and 
28. B4  ct.  for  stable  labor.  In  1916  the  unit  cost  was  B3  ct. 
per  horse  per  day,  including  45.77  ct.  for  feed,  11.98  ct.  for 
veterinary  services,  shoeing,  and  supplies  and  25.25  ct^  foT 
stable  labof.  The  lahor  force  consisted  of  16  men  and  a  night 
viratchman.  The  cost  of  feed  was  about  $14  per  ton  for  hay,  75 
ct  per  bushel  for  com  and  50  ct.  per  budiel  for  oats.  Straw  cost 
about  $7  per  ton.  In  1916  each  horse'  consumed  daily  30  lb. 
of  hay,  and  13  lb.  of  grain,  5.3  lb.  of  straw  were  used  in  bedding 
each  horse.  Tn  1015  these  quantities  were  31  lb.,  12.75  lb.,  and  6.3 
lb.  respectively. 

Coit  of  Hone  Kalntenaaoe  at  ClnolniiatL  Similar  costs  for 
1916  in  the  city  of  Cincinnati,  given  in  the  report  of  Fred  Maag, 
Superintendent  ol  the  Department  of  Street  Cleaning,-  Sewer  and 
Catch  Basin  Cleaning,  indicate  that  34.9  ct.  per  horse  per  day  was 
the  cost  of  feeding  and  39.4  per  ct.  was  the  cost  of  "  other  stable 
expenses,"  the  total  cost  being  74,3  ct.  per  horse  per  day.  Ap- 
proximately  ISO  horses  and  80  mules  were  maintaised  [|ii    17 
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Btnbles,  practically  one-half  of  tbia  number  being  boarded  in  one 
stable.     Each  horse  consumed  14.7  lb.  of  hay,  11.5  lb.  of  oats  and   , 
2.S  lb.  of  nutritia  daily.     Hay  eotit  about^  918  per  ton,  oats  4S 
ct.  per  bushel  and  nutriti^  $1.60  per  hundredweight.      (No  altow- 
anra  apparently  was  made  for  bedding  straw.)  I 

Cost  of  Feeding  Hone  at  Waihlnrton.  In  Washington,  O.  C, 
according  to  the  report  of  the  Engineering  Department  for  the 
fiscal  year,  IBIS-IS,  the  coat  of  feed  amounted  to  40.2  ct.  per 
borse  per  day.  The  daily  allowance  per  borne  was  3.3  lb.  of  dry 
straw,  7  lb.  of  long  timothy,  7  lb.  of  mixed  clover  hay,  12.8  lb.  , 
of  oats  and  1.7  lb.  of  bran.  Straw  cost  at  the  rate  of  $16,  long  | 
timothy  at  920.B0  and  mixed  clover  hay  at  $20  per  ton,  oa.tH  at 
54  ct.  per  bushel  and  bran  at  91.87  per  hundredweight.  The  cost 
<SI  shoeing  was  stated  to  be  2.6  ct  per  horse  per  day. 

Cost  af  JUiBtaining  Honei  by  New  York  Street  Cleaning 
Department.  Tn  the  annual  report  of  the  Department  of  Street 
Clenning  of  New  York,  in  1016,  Commissioner  J.  T.  Fetherston 
states  that  the  cost  of  "  labor,  materials,  supplies  and  consumable 
equipment  used  directly  in  the  care  of  horaes  "  amounted  to  S1.0S7 
per  horse  per  day  and  that  this  coet  represents  prices  of  forage 
and  supplies  considerably  above  normal.  About  64%  of  the  total 
cost  reprenents  the  cost  of  forage,  30%  the  direct  labor  coet  and 
6%  the  cost  of  maintaining  stable  equipment.  In  t&e  28  stables 
maintained  by  the  department,  2,400  horses  were  cared  for.  One 
hostler  and  one  stableman  were  employed  for  each  13  horsee.  In 
1617,  the  daily  allotment  tor  each  horse  was  23  lb.  of  oats,  18  lb. 
of  hay,  3^  lb.  of  bran  and  3  lb.  of  straw.  In  addition  to  thie 
each  horse  was  given  1^  lb.  of  coarse  salt  and  2%  lb.  of  rock  salt 
per  month.  Wfarn  idle  the  horses  were  given  half  ration  of  oatn. 
In  1916,  the  daily  ration  was  21  lb.  of  oats,  16  lb.  of  hay  and 
1^  lb,  of  bran.  The  other  items  were  practically  the  same  as 
for  1917.  This  appears  to  be  an  unusually  heavy  ration  and  the 
coat  of  feed  alone  was  practically  70  ct.  per  horse  per  day. 

Stable  Colts  at  Roeheiter.  For  Rochester  it  was  possible  to 
obtain  from  James  M.  Harrison,  formerly  snperintendent  for  the 
Genesee  Reduction  Co.,  data  of  the  coat  of  maintaining  horses 
employed  in  garbage  collection  from  lOOS  to  1016.  Ob  Jan.  1, 
1917,  the  Department  of  Public  Works  took  over  the  operation  of 
the  garbage  plant  staUea  and  the  1017  costs,  therofora,  are  avail- 
able also. 

In  1917  the  68  horsea  quartered  at  the  garbage  plaat  stables 
cost  about  68  ct.  per  horse  per  day  to  maintain.  The  approxi- 
mate cost  of  feed  amounted  to  60.7  ct.;  the  direct  labor  coat  of 
stable  operation,  0.4  ct  ;  and  the  estimated  cost  of  barn  supplies, 
shoeing  and  harness  repairs,  7.0  ct.  per  horsQ  per  day.    No  exact 
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ration  allotment  ym  made,  bnt  according  to  the  total  quastitiM 
purchased  during  the  year  eaeh  horse  consumed  about  11  lb.  of 
oatB  and  22  lb.  ot  bay  per  daj.  The  approximate  avera^  ca»t 
of  oatH  was  60  ct.  per  bunhel  and  the  coat  of  hay  was  about  filS 
per  ton.  The  stable  force  couHisted  of  one  barnman  and  three 
helpers,  the  bamman  and  one  helper  imrking  aeren  dayi  and 
the  other  two  helpers  six  days  per  week.  The  drivers  clWMd 
and  harnessed  the  horeea  and  gave  then  their  noon  feeding. 

The  foregoing  data  and  c-ertaio  additional  data  as  to  the  coat 
of  maintaining  horse*  by  the  Genesee  Beductiim  Co.  before  IfllT, 
are  shown  in  TaUea  I  and  II. 

From  tbe  foregoing  and  other  data  it  appears  that  a  horse 
used  in  collection  work  should  be  fed  on  the  average  about 
20  lb.  of  hay  and  14  lb.  of  oats  per  day,  in  addition  to  poasibly 
2  lb.  ot  other  feed,  consisting  principally  of  bran,  salt,  etc.  Also 
each  horse  should  be  bedded  with  approximately  5  lb.  of  dry 
straw  daily.  On  this  basis  and  with  hay  costini;  $iS  per  ton, 
oats  80  ct.  per  bushel,  other  feed  {1.50  per  hundredweight  and 
straw  $12  per  ton,  the  total  daily  cost  per  horse  of  feed  and 
bedding  would  amount  to  the   following: 

2a  lb,  o(  h.r  sttlS  psr  ton  $0.18 

It  lb.  of  Dutx  at  fO.SO  per  bu .U 

2  lb.  of  other  fscd  at  Jl.BO  per  ewl 03 

E  lb.  of  atraw  st  lit  p«F  tea .01 

Total  estimmted  cost  of  feed  and  bedding  per  bona  per  d>f  .(0.59 

In  addition  to  this  the  cost  of  veterinary  services,  maintenanca 
of  stable  equipment  and  supplies,  shoeing,  and  harness  repairs 
should  not  exceed  12  ct.  per  horse  per  day.  If  one  hoetler  at 
$800  per  year  and  one  stableman  at  $7S0  per  year  were  provided 
for  every  20  horses,  the  direct  labor  cost  of  stable  operation 
would  amount  to  about  21  ct.  per  horse  per  day.  This  would 
include  the  cost  of  all  work  involved  in  feeding,  bedding,  cleaning 
and  otherwise  caring  for  horsffl,  and  all  lalx>r  about  the  stables 
such  as  cleaning  st«bles,  handling  and  moving  equipment,  cleaning 
equipment,  etc. 

The  total  cost  per  horse  per  day,  thcrelora,  might  be  «stimkted 
at  92  ct.,  distributed  as  follows: 

Feed   snd   bedd!a|    tO.tt 

VeWrin Brian,   shoeing,    barneBa   repair*,    etc Ji 

Direct  labor  ooal  of  itable  operation   31 

Total  maintenance  coat  per  horu  per  day  V>M 

The  annual  cost  of  maintaining  horses  at  this  figure  would 
be  9330.05  per  horse,  exclusive  of  the  cost  of  overhead  supM*- 
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Tision;  flKed  charges  on  iiret  cost  of  horses,  etable  sites  and  stable 
buildings,  depreciation  of  hMrses,  and  depreciation  and  mainte- 
nance of  stable  bnildingg. 

The  annual  (purchase)  cost  of  the  horses  used  in  garbage 
collection  in  Rochester  since  1912  has  been  about  $31  per  horse, 
which  includefi  replacements  as  n-elt  as  the  purchase  of  three 
horses  during  the  stx  years  in  addition  to  the  number  owned  at 
the  beginning  of  the  period.     (See  Table  II.) 


Total  cost  of  Approximate  Averace  ea*t 

fepd  i^ain,  numbT  per  horse 

bar,  straw)  horB«a  fed.  per  day. 

. .  t  1.W4  OS  10  to J>OG 

...      «.M4.89  40  .177 

...      fl,912  67  40  .474 

...      tSUM  40  .467 

..      7.8J6.29  65  .3J0 

...      9.ZW.KS  ffl  3K 


J„ 

expenditure 
fOThorM.. 
«.219 

horaei. 
65 
66 

perliorit 
porjra.! 

Estimates  as  to  the  economic  life  of  a  horse  used  in  colleetioo 
work  Tary  from  i%  to  8  years.  It  is  believed,  however,  that  a 
good  horse  should  give  at  least  six  years  of  useful  service  in  this 
kind  of  -work.  Assuming,  a  flrst  cost  of  $875  and  a  salable  value 
of  S75  at  the  end  of  si*  years,  the  annual  depreciation  would  be 
S3.'!..'}.'}  per  year  per  horse. 

Cost  of  Horse  Kalntenance  at  Boston,  Kass.  The  average  cost 
in  ISIS  of  maintaining  the  horses  of  the  sewer  and  sanitary 
division  of  the  Public  Works  Department  of  Boston,  Mass.,  waa 
$1.68  per  day  per  horse,  according  to  the  recently  issued  annual 
report  of  the  department.  An  average  of  171.8  horses  was  kept 
The  itemised. cost  was  as  follows: 


HORSES  AND  MULES 


tT 

nd 

grain 

i,i,h. 

■nd 

?r' 

Rulea  for  Pack  Animals.  Material  packed  on  animals  should 
be  divided  into  two  equal  portiong  and  alung  on  each  aide  of  the 
back.  A  fair  load  for  a  horae  is  300  pounds,  for  a  mule  200  to  300 
pounds,  for  a  burro  100  to  150  pounds,  for  a  South  American 
llama  50  to  75  pounds.  However,  the  proper  load  for  a  park 
animal  varies  nith  the  size  of  the  animal  and  the  conditioD  and 
grade  of  the  road  to  be  tiaveled. 

Table  for  EitimfttliiK  the  Cost  of  Teaming.  The  accompaof- 
ing  table  prepared  bj  Mr.  E.  B.  Hiatt,  engineer  of  Madison  County, 
lowB,  has  been  of  service  in  estimating  the  cout  of  team  hauling 
on  work  for  that  count;.  The  figures  are  based  on  a  rate  of 
travel  of  2  miles  per  hour  with  loads  and  3  miles  per  hour  re- 
turning empty.  Forty  minutes  is  allowed  for  loading  and  un- 
loading 3,TS0  lb.  with  shovels.  This  weight  was  the  average 
load,  aeason  of  1018.  The  vehicle  considered  was  a  common  farm 
wagon.  A  comparison  of  the  schedule  with  the  flat  rate  of  1  ct. 
per  hushel  per  mile  for  hauling  wheat  in  northern  Iowa  and 
southern  Minnesota  shows  that  at  11  miles  the  rates  are  practi- 
cally the  same,  while  at  5  miles  the  county  would  pay  $.136  more, 
and  at  15  miles  $.086  lege. 

Schedule   of  Priceb  fob  Hauling  Obe  Ton 


.  1.100  1.H0  ].«S0  J.820  1.9S0 

..  lEil  l.«e2  1.813  l.»e4  2.11S 

.  1.822  l.TM  1.91«  2.I(S  2.ZT1 

.  1.733  IMS  2.080  2.253  i.42« 

..  l.gU  2.028  2.213  MOT  2£82 

..  I.e5e  2J51  2.346  tMt  2.737 


2!7CS 
1JB3 
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.  2.£88  2£11  2.7J6 

,  2.400  2.<H0  iiSO 

.  2JIU  2.TS2  S.013 

.  2.S21  2.881  3J46 


2.S14       a.l2g       3.413 

2.SK       3.251       S.MB 


SMS       3.26« 


c.  Google 


SECTION  4» 


Rubber  water  hoae,  regulai 


con  struct  ioD. 

r-; Price  ptr  1*001 — \ 


I>iimVurs  ma  from  ii  in 

cki^Fi 

ubber  steam  hose,  reguls 

r  conatr 

m 

nchbiui 

l^j 

The  following  table  shows  the  proper  ply  hose  for  preBsure*  of 
from   30  to  100  pounds: 


Vr  5-plr 


1-  B-Rly  H4~  C-ply  1%"    S-bIv 

^1,,,        I'liply  m-Tpfy  1V4"    ftply 

e-vly       1-  B-ply  15i"  S  ply  1«'  ■  9ply 

6-ply       I"  7-p!y  Hi'  8-plJ  Hi"  "*ply 


Seamleafl  cotton  rubber  lined  hose. 

InleraM    dlam.    1"      114'      Hi"     V       !%"    !W"       S"      SW"      <" 
Prlco    fO.»    tO^    t0.2J    tO.42    fOilS    fO.U    fO.TO    tt%    n.W 

These  prices  do  not  include  couplings.  Unlined  Hnen  hose 
costs  about  half  of  the  above. 

Coverings  for  rubber  hose  designed  to  protect  it  from  excessive 

wear  maj  be  woven  cotton,  wire  wound,  marlin  woven  or  marlin 

wound.     The  disadvantages  of  varioua  covers  are  as  follows;     In 

wire   wound   hose   the   wire   is   liable  to   cut  the   hose  when   the 

«7 
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latter  is  Btr«4ched,  woven  cotton  and  marlin  abaorb  moisture  and  < 
rot,  marlin  wound  covering  is  liable  to  become  loose  as  bood  s^ 
one  Htraod  ie  cut.  These  coveringa  add  about  ISfo  to  the  priet 
of  plain  hoae.  « 

Metal  tube  hoae  consiata  of  a  metal  armor  with  aabestoB  paek 
ing  and  a  rubber  coating.  It  is  adapted  for  use  with  ateam,  ga4. 
oil,  or  any  Huid  which  has  a  tendency  to  cause  rubber  to  de- 
teriorate rapidly. 

Site,  diameter  hi"  %'  1"  «4"         IW  I 

Price  per  foot  tl.SS  tl.33  |1.«S  fZ.lO  t2.G0 

A  flexible  metallic  hose  designed  especially  for  hot  water   is  i  I 
peculiarly    prepared    rubber    cover    with    non-rustable    metallic 

Sire,  dl«metCT  :t4'  r  2tt'   '         2«4" 

Prioe,   p«r  toot  VM  flSS  fl.TS  tl.SS  | 

A  flexible  metallic  hose  designed  to  withstand  the  action  of  oil 
and  air  and  fitted  for  rough  service  ia  covered  with  braided  wire. 


■iorie  co*er'..tO^       W.3S       K-Al       fO.SS       V>.n       H.ID 
doAle  cover..    .31  At  M  .TS         1.10         1.35 


'  An  especially  strong  flexible  hose  ia  armored  inside  and  out, 
adapted   foi;  hard  service  with  drills,  etc. 

Si».   diameter   «"     \'        V     H4"    IW   Hi'     »"      BH'     r 

Price,  per  foot  tO.SS    fO.TT    VtM    H.IO    tl.3S    fl.TE    f2.10    f2.S0    |3.50 

Suction  hose  reinforced  spirally  with  flat  wire  is  made  with 
smooth  bore  for  use  on  large  dredges  and  centrifugal  pumps  and 
rough  bore  for  use  on  diaphragm  and  small  steam  pumps. 

Int«rii.l  dUmeter    V       1"     IW"       r        3"       B" 

Priee  per  foot.   rouKh  borc-.tO^il    tO.GO    (0.84    nSD    KM    USO 
Price   per    It.,    amoolli    bore...     .45       M       M     l.SO      2.E0      4.70 

Internsl  diameter  6"       8'         10"        12"       IS"       ST       21" 

Price  per  toot, 

roDjE   bore    K30    (8.41)    tll.3B    111.30 

Price  per  Coot, 

■mooth    bore    6.30      SM     12.50      U.OO    K3.00    tSS.OO    tlS.OO 


c.  Google 


HTDEAUUC  HUriNG  GIANTS 

The  noczles  first  used  in  hydraulic  mining  ranged  from  plain 
pipe  or  hose  to  eimple  nozzlee.  The  first  improvement  in  dis- 
eharee  pipes  was  a  flexible  horizontal  iron  joint  formed  bf  two 
elbows,  one  working  over  the  other,  with  a  coupling  joint  be- 
tween them.  These  elbows  were  called  "  Goose  Necks."  These 
joints  were  very  defective,  the  mater  pressure  causing  them  to 
move  hard  and  "  buck."  The  evolution  of  the  hydraulic  nozzle 
was  from  the  "Goose  Neck"  to  the  "Globe  Monitor";  then,  sue- 
eessiTeiy,  the  "  Hydraulic  Chief,"  "  Dictator,"  and  "  Little  Giant." 
The  "  Hydraulic  Giant "  is  a  modification  of  the  Little  Qiant,  and 
is  shown  in  Fig.  200. 


Fig.  200.     Hydraulic  Mining  Giant. 

Under  high  pressure  the  "  defiector,"  ivhich  is  fitted  to  the  butt 
of  the  discharge  and  carries  the  nozKle,  should  be  used.  By 
means  of  the  "  deflector "  the  Giant  can  be  turned  with  the 
greatest  ease.  In  the  table  of  sizes,  weights,  etc.,  of  Giants,  the 
column  headed  "  Approximate  Amounts  of  Gravel  Washed  in  24 
Hours  "  is  based  on  the  assumption  that  the  wat«r  carries  about 
2.B6%  of  solid  material.  This  percentage  varies  widely  and 
depends  upon  a  number  of  conditions,  but  mainly  upon  the  nature 
of  the  soil,  direction  of  washing,  and  slope  of  the  sluices.  Under 
extremely  favorable  conditions  it  is  possible  to  carry  as  targe  a 
percentage  as  20  or  25,  but  in  many  cases  the  proportion  of  earth 
to  water  is  as  1  to  200  or  more. 

45D 
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Plain  Hydraulic  Jaeica 

Maiimnm  WeMit 

rise  lain.  in. lb. 


Broad  Baae  Hydraulic  Jacla 


30  IS  243  185 

40  32  Mr  .  247 

In  the  a,boive  types  the  plain  jack  is  uaed  where  a  firm  rest 
or  footing  can  be  obtained  for  the  base  aucfa  ax  a  cement  floor, 
hard  ground,  wood,  atone,  etc.  The  broad  base  jack  is  uaed  where 
a  firm  rest  ih'  footing  cannot  be  obtained  for  the  base,  or  where 
the  load  is  unsupported  and  steadiness  ig  required.  It  is  used 
largely  under  locomotives,  cars,  etc. 

A  screw  jack  operated  by  a  lever,  of  either  the  worm  gear  or 
bevel  gear  type  costs  as  follows:     (Lift  10  iiichee.} 


Capacity  WeiEhl 

in  tona  in  IBT 


I  cost,  f.  o.  b.  Chicago,  as  follows : 


i.Cooglt^ 


LEAS 

Lead  coeta  about  9  cents  per  lb.  in  ton  totg. 

Lead  Wool  is  put  up  in  Hlranda  which  should  be  placed  in  the 
joint  one  at  a  time  and  each  strand  thoroughly  calked  before 
the  next  strand  is  added.  It  is  extremely  valuable  where  the 
trench  is  wet  or  where  the  pipe  is  under  pressure,  bb  it  can  be 
used  under  water,  whereas  molten  lead  cannot.  Calking  ia  some- 
what difficult  if  ordinary  methods  are  pursued,  but  by  the  use  ol 
an  outfit  such  aB>is  described  under  "Air  Compressors"  thie 
dit!icu)tj'  is  obviated.  The  manufacturers  claim  a  saving-  in 
amount  necessary  to  calk  a  joint  as  compared  with  cast  lead, 
as  shown  by  the  following; 

Diuu.   of    pipe,    incbea 34S     S10  12    16    2l)!43aie 

Cnit  lend  n  quired,  Pounda  E6913    1T  a)S04D6S30im 
Muximum    amoimt    ot    lead 

wool   required,    FaaadB    .  .     .    e    ID    1£  14    £0    2S    M    60    SB 

It  ooste,  in  lots  of  not  less  than  200  lb.,  including  calking 
tools,  11^  cents  per  lb.,  and  in  ton  lots  10%  cents  per  lb.,  f.  o.  b- 
New  York.      (See  Air  Compressors.) 

Leadite,  a  substitute  for  lead  used  in  jointing  cast  iron  WBt«r 
mains,  comes  in  powder  form,  packed  in  sacks  of  100  lb.  and 
barrels  of  350  lb.  One  ton  of  tbia  material  is  equivalent  to 
four  tons  of  lead  and  reijiiires  no  calking.  Price  for  less  than 
car  load,  12  cents  per  tb.,  f.  o.  b.  Philadelphia. 

Coat  of  Pnenmatio  Calking  of  Lead  Joints.  Engineering  aniJ 
Contracting,  Dee.  17,  1913,  gives  the  following: 

In  woi-k  done  in  New  York  City  in  1010  tor  the  Consolidated 
Oas  Co.,  on  a  48-inch  line  about  750  joints  were  calked  with 
compressed  air.  These  joints  were  air  calked  at  a  cost  of  about 
$5.30  per  joint.  The  cost  of  hand  calking  would  have  been  about 
$7.00  per  joint,  so  there  was  a  saving  per  joint  of  $2.00.  On  tho 
36-in.  line  the  cost  of  air  calking  was  $2.15  per  joint,  indudinK 
labor  coats,  cost  of  operating  compressor,  coat  of  yarning  and 
depreciation  on  the  outfit.  The  cost  per  joint  of  calking  by 
hand  on  this  line  would  have  been  about  $3. '7.  This  gave  a 
saving  per  joint  in  favor  of  compressed  air  calking  of  $J.02  or 
about  32%  —  very  close  to  the  average  percentage  of  saving  <w 
403 
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the  48-!n.  work.  On  the  SO-ia.  work  a  pur  of  calkerB,  with  a 
little  practice,  could  air  calk  five  jointH  per  da;  b«  a^lnst  two 
jointa  b7  hand.  Thia  gave  a  saving  of  about  30%  in  the  expense 
for  calking. 

Since  the  foregoing  data  were  given  out  l^  Mr.  Colin  C.  Simpson 
in  1010  the  cost  of  pneumatic  calking  has  been  reduced  materially. 
The  decrease  in  cost  haa  been  due  largely  to  the  improvements 
in  the  air  hammer  for  calking  purposes  which  have  reduced  air 
consumptiofl  and  increased  the  efficiency  of  the  tools. 

It  ha«  been  deaionetrated  r^ieatedly  that  lead  wool  joints 
calked  bj  a  pneuowtic  hammer  are  tighter  than  hand-calked  jmnts, 
and  that  the  time  and  expense  of  making  the  jointa  Is  at  times 
cut  in  half  by  the  use  of  air.  Even  better  records  have  been  made. 
Mr.  Charles  Dougherty  gives  the  following  data  cm  a  comparative 
teat  of   pneumatic  and  hand-calked  joints. 

A  test  was  conducted  is  the  presence  of  representatives  of 
various  gas  and  water  companies,  from  the  vicinity  of  Boston,  in 
the  ysjds  of  the  Maiden  Gaa  Co.  at  Maiden,  Mass.,  to  determine 
the  relative  efficiency  of  a  hand  and  pneuma.tically  calked  joint  for 
high  pressure  wafer  service.  About  15  mites  of  such  high  pressure 
pipe  is  to  be  laid  for  the  fire  department  of  the  city  of  BostMi. 
Theee  mains  will  be  under  a  continuous  hydrostatic  pressure  of 
300  lb. 

A  special  hub  and  cap  with  a  special  double  groove  high  pres- 
sure joint  was  provided  by  the  water  department,  for  pneumatio 
calking,  agaJnst  time.  The  demonstrator  first  yarned  the  joint 
with  about  1%  in.  of  hemp  rope,  the  remainder  of  the  space 
being  filled  with  lead  wool  and  calked,  strand  by  strand,  in  a 
total  time  of  two  hours.  This  included  the  prquration  of  the 
yarn  and  lead  wool  for  insertion  in  the  joint.  The  hammer 
used  a  calking  iron  with  a  round  shank. 

The  record  made  is  noteworthy  as  compared  with  calking  a 
similar  joint  by  hand.  Past  records  show  that  with  two  men  it 
required  an  average  of  two  days,  of  8  hours  each,  to  complete 
such  a  joint,  making  about  32  hours  per  man,  by  hand. 

After  the  calking  had  bem  completed,  the  joint  was  submitted 
to  A  test,  under  the  direct-  supervision  of  the  water  department, 
calibrations  were  mode  at  different  pressures,  m>  as  to  determine 
the  expansion  of  the  joint  undo'  varying  conditions,  up  to  a 
point  when  it  showed  a  tendency  to  pull  away.  Up  to  a  pressure 
of  600  .lb.  there  was  no  leak  apparent,  although  the  joint  had 
spread  conftiderably,  about  .013  of  an  inch.  The  test  for  tight- 
ness shows  up  very  much  in  favor  of  the  pneumatically  calked 
joint,  as  similar  joints  made  with  cast  lead  and  calked  by  hand, 
would  raise  as  much  as  1%  in.  under  a  pressure  of  600  lb. 
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The  a.bove  mentioned  test  was  made  under  rather  adverse  coa- 
ditione.  Id  the  first  place,  the  hammer  used  had  been  in  aerrice 
a  number  of  years.  In  addition  tiie  callting  irons  provided  were 
not  of  juet  the  right  size  or  shape  for  the  special  joint  under 
test;  OS  a  result  a  great  deal  of  time  was  lost  in  tka  calking  of 
the  joint. 

The  results  of  this  test  show  that  the  pneumatic  calking  proeeaa 
is  faster  and  at  the  same  time  gives  a  better  joint  than  hand 
calking,  using  lead  wool,  and  that  it  ii  also  tar  superior  to  poured 
lead  joints  whether  hand  or  pneumatically  calked. 

Coat  Lead  Jointt. —  A  test  was  made  for  the  Department  of 
Water  Supply,  Gaa  and  Electricity  of  New  York  City,  of  the 
efitcieney  of  pneumatically  calked  cast  •  lead  joints  with  the 
results  here  described.  Tie  joints  selected  for  tests  were  on  & 
36-in.  line.  One  cap  and  one  regular  pipe  joint  were  calked  1^ 
pneumatic  tools  and  one  cap  by  hand. 

The  time  to  calk  the  cap  by  the  pneumatic  tool,  including  the 
cutting  off  of  the  slug  or  lip,  which  weighed  7  lb.,  required  30 
minut«8,  while  the  ordinary  joint  required  only  22  minutes. 
The  difference  in  time  of  eight  minutes  is  doubtless  due  to  the 
fact  that  the  operators  bad  to  work  between  the  four  extension 
bolts  that  were  provided  as  a  means  for  retaining  the  caps. 
The  joints  calked  by  the  pneumatic  tool  contained  an  average  of 
120  lb.  each  of  lead.  The  air  pressure  used  was '70  lb.  The 
standard  l^r^-in.  yarn  with  3^  in.  of  lead  was  likewise  used. 
The  cap  calked  by  hand  required  1  hour  and  45  minutes  to  com' 
plete.  Two  men  were  used  on  each  joint;  that  is,  two  hand  men 
Mid  two  men  with  the  pneumatic  hammer. 

After  being  completed  and  pronounced  as  satisfactory  looking 
joints,  the  water  test  was  applied  by  means  of  filling  up  the  pipe 
sections  and  capping  all  outlets.  The  pump  was  started  until 
a  pressure  of  2O0  lb.  had  shown  when  the  hand-calked  cap  started 
to  leaii.  The  retaining  bolts  were  then  removed  and  the  pump 
started  again  and  the  hand-calked  cap  let  go  entirely  when  the 
gage  showed  a  pressure  of  140  lb.  The  city's  representative  fig- 
ured that  the  pressure  exerted  against  each  cap  was  83  tons. 

The  caps  were  then  removed  entirely  and  a  section  cut -from 
the  band-calked  cap  and  the  machine-calked  etip.  Inspection  of 
these  sections  showed  that  the  machine -calked  cap  was  much 
denser  and  had  likewise  been  pressed  against  the  yarn  so  firmly 
that  it  required  quite  an  effort  of  the  fingers  to  separate  the 
yam  from  the  lead.  The  hand-calked  section  did  not  show  such  a 
result. 


c.  Google 


SECTION  53 
LEVELS 

An  engineer's  dumpy  level  with  an  18-inch  telescope  coete, 
with  split  tripod.  $115.     The  weight  complete  is  18  lb. 

An  engineer's  Y  level  with  an  18-inch  telescope  coats,  with  split 
tripod,  *140.     The  weight  complete  is  20"^  lb. 

Hand  levels  coat  from  $4.00  to  $7.00. 

A  patented  reflecting  hand  level  coets  a.bout  $16.00. 

An  arehiteet's  or  hnilder's  dumpy  level,  with  an  ll-inch  fele- 
scope,  weighs  i  lb.,  and  costs  $40.  An  architect's  or  builder's 
Y  level,  with  an  ll-inch  telescope,  weighs  5  lb.,  and  costs  $60. 
With  compass,  $6S. 


LIGHT 

Some  construction  work  must  be  done  at  night,  and  much  of 
it  can  be  expedited  if  certain  portions  are  done  after  the  regular 
day  shift  has  knocked  off. 

For  instance,  a  macadam  road  must  be  finished  in  a  limited 
time,  the  road  to  be  surfaced  in  atraight-away  from  the  quarry, 
dock  or  siding  where  the  stone  is  procured  and  the  only  econom- 
ical way  of  hauling  the  atone  is  along  the  finished  road.  It  is 
almost  impossible,  or  at  least  very  difficult,  to  use  more  than 
one  gang.  In  such  a  case  it  is  obvious  that  if  the  stone  ia  un- 
loaded, hauled  and  apread  at  night  the  work  will  be  facilitated. 
There  is  no  reason  why  this  should  not  be  done.  Proper  lights 
are  necessary  however- 
Many  stesjn  shovels,  cranes  and  derricks  aje  operated  at  night. 
Darkness  (^ers  no  obstacle  to  the  working  of  cableways,  belt 
conveyors  and  other  conveying  machinery  if  the  loading  and 
unloading  places  are  properly  illuminated.  The  means  of  light- 
ing work  may  be  anything  from  candles  to  electric  light.  Kero- 
sene cMiBumes  flvQ  times  and  candles  seven  times  as  much 
465 
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oxygen  tis  acetylene.  Kerosene  gives  off  nine  BJid  candles  ten 
times  the  product  ot  oombuBtion  given  off  bj  acetylene.  The 
light  of  keroBOie  and  candles  ie  obscured  by  the  smoke  given  off 
by  them;  whereas,  the  light  of  acet;flene  and  electricity  is  not 
thus  interfered  with. 

COITFXACTORS'  UQHTS  AHV  TOECEES 

Contractors'  lights  are  made  in  a  number  of  different  types 
of  which  we  illustrate  the  most  important. 

Kerosene  Enming  Lights  are  made  by  several  companies  aj)d 
the  usual  form  eoDBJBts  of  a  cylindrical  tank,  with  proper  valvea 
and  feed  pipes,  and  a  support  for  the  burner.  They  can  be  used 
for  heating  as  well  as  lighting,  and  are  very  useful  as  paint 
burners,  for  boiler  repairs,  and  for  melting  lead  joints  in  water 
pipe. 


1   Fig.  201   . 


Fig.  201.    Kerosene  Light. 


ahippln^  walfht  in  lb 


Another  kerosene  light  is  made  In  three  sizes,  aa  follows ; 

Oandls  Gal.  of  oil  Approiimste  Price 

power  per  hour         ghii>eii>g  wei^tia  lb,         t.e.b.tt,ctorj 

2000  )  SO  rro 

SOOO  .  m  SS  80 

UOO  2  W  W 

Catblde  Bunting;  lampi  consist  of  an  outer  tank  holding  water, 
an  inner  tank  holding  carbidee,  and  the  pipe  and  burner.  These 
lights  are  not  ueuall;  affected  by  wind  or  rain  and  bum  water 
and  calcium  carbide  in  about  even  proportions.  Fig.  202  gives 
an  illustration  of  this  type  of  light.  A  light  capable  of  burning 
sis  hours  at  an  operating  coet,  manufacturera  claim,  of  5  cents 


Fig.  202.    Carbide  Light. 

per  hour,  is  fitted  with  a  single  reflector.  It  weighs  63  lb.  for 
shipment  and  coats  $50.  . 

A  similar  light  capable  of  burning  12  hours  at  5  ct.  per  hr. 
weighs  SO  lb.  for  shipment  and  costs  $55. 

A  light  similar  to  the  above  but  fitted  with  a  double  reflector 
and  double  burner  capable  of  burning  12  hrs.  at  an  operating 
cost  of  10  ct.  per  hr.,  weighs  121  lb.  for  shipment  and  costs  $75. 

A  hand  light  of  the  same  make  bums  8  hrs.  at  a  cost  of  less 
than  1^  cents  per  hr.  It  weighs  14  lb.  for  shipment  and  eosts 
$18. 

Derrick  light,  capable  of  burning  12  hours  at  an  operating 
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cost  of  5  ct.  per  hr.  provided  with  21H  ft.  of  pneumatic  hose  and 
retlector,  weighs  approximately  100  lb.  for  shipmetit  and  cost3 
$76  complete. 

Carbide  cakes  for  use  in  tJie  aliove  lights  are  to  lie  had  in  100 
lb.  drums  and  cost  $6.S0  per  drum. 

Cakee  for  the  hand  light  are  furnished  in  76  and  40  lb.  drums  at 
a  coat  of  $6.50  and  $3.86  Tespwtivelf. 

All  above  prices  are  f.  o.  b.  manufacturer's  warehouse  at  point 
of  ehipment. 

AnotJier  make  of  carbide  lights  cost  as  follows: 


Csndle 


Fig.  203. 


Pig.  204, 


Another  lamp  is  illustrated  by  Pig.  204.  This  type  is  adapted 
to  attachment  on'  a  steam  shovel,  crane,  etc.  It  is  rated  at  16,000 
candlepower  and  costs  from  0  to  8  cents  per  hr.  to  operate.  It 
weighs  140  lb.  for  shipment  and  coats  $100  f.  o.  b.  factory. 
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Carbide  in  drums  of  100  lb.  for  the  above  lighte  costs  about  97 
[>er   drum. 

OaNllne  Ligliti.  A  gaeotine  burning  lantern  rated  at  200 
candle  power  and  stated  to  bum  15  hours  on  one  quart  of  gasoline 
weighs  3^  lb.  net  and  costs  $7.50. 

A  hand  searchlight  rated  at  5,000  candlepower,  whicb  throws  a 
beam  GO  ft  wide  and  300  ft.  long  weighs  30  lb.  and  costs  S63. 

A  portable  flood  light  rated  at  12,000  candlepower,  stated  to 
eoDBUiUe  a  gallon  of  gasoline  in  six  hours,  the  ra;s  covering  an 
area  of  ^50  bj  400  ft.,  weighs  SO  lb.  for  shipment  and  costs  com- 
plete $12«. 


Fig.  205.    Gasoline-Electric  Generating  Set. 

Oil  and  Vapor  Torches,  familiarly  known  as  banjo  torches,  con- 
sisting of  a  pan  shaped  tank  for  holding  the  kerosene  or  gasoline 
fuel,  a  gravit;  feed  pi|>e,  and  a  burner,  for  use  in  lighting  small  - 
spaces  are  manufactured  in  many  varieties,  but  are  alike  in  the 
general  method  of  operation.  A  novel  use  of  these  torches  was 
for  heating  green  concrete  sewer  pipe  during  cold  weather. 

Price  with  single  burner  $2.10.     Double  burner  S3.25. 

Eleetrlo  Light  Plant.  An  automatic  plant  consisting  of  a  single 
cylinder  1.7  hp.  4  cycle  gasoline  engine,  a  generator,  control 
board  and  starting  battery  arranged  ao  that  the  unit  can  be  started 
from  a.  remote  point,  weighs  approximately  500  lb.  for  shipment 
and  costs  $490  f.  o.  b.  Michigan.  This  outfit  is  rated  760  watts 
at  110  volts  and  the  manufacturer  claims  it  will  operate  on  a 
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load  of  QOO  watts  for  6  houTH  oontinuouBly  on  one  gallon  of 
gasoline.  A  load  of  000  watts  U  obtained  by  burning  30  twenty 
watt  lamps. 

A  gasoline-electric  generating  set  illustrated  by  Fig.  205  is  to 
be  had  in  three  sizes  S,  10  and  16  Kw.  The  6  Kw  plant  will 
operate  200  twenty  candlepower  lamptf.  It  weighs  approximately 
1,800  lb.  for  shipment  uid  coste  $3,000  t.  o.  b.  factory. 

The  10  Kw  plant  will  operate  400  twenty  candlepower  lamps, 
it  weighs  approximately  3,000  lb.  and  costs  $4,000  f.  o.  b.   faf- 

'  The  16  Xw  plant  will  operate  600  twenty  candlepower  lamps, 
weighs  about  4,000  lb.  for  shipment  and  costs  $6,000  f.  o.  b. 
factory. 

During  the  war  the  army  used  a  number  of  machines  similar 
to  the  above  mounted  on  auto  trucks.  These  machines  thus 
moimted  were  used  where  flexibility  of  electric  power  was  needed. 
The  application  of  such  rig?  to"  construction  work  is  practical 
where  ccnditions  will  warrant  it. 


c.Googlu 


LOCOKOnVE  CILAITES 

These  machines  are  cotnmonlj'  eteam  driven,  but  mny  be  bod  ar- 
ranged for  gasoline  or  electric  drive.  Steam  cranes  are  uguallf 
equipped  witJi  double  cylinder  ^igines.  The  several  motions  of 
rotation,  trajisfer  on  the  track,  moving  the  toad  and  boom,  are 
ordinarily  accompliehed  by  use  of  friction  ciutobes;  the  engine 
then  bfiing  of  the  non-reveraing  type.  The  boiler  is  placed  behind 
the  engine,  thus  serving  to  counterbalance  the  crane.  The  fuel 
and  water  tanks  are  also  placed  in  the  rear  for  the  same  purpose. 

The  following  are  the  usual  specifications: 

Q»\tgt  of  track  4  ft.  8U  in.  or  S  fL 

Boiler  pruaure  100  lb.  to  12G  lb. 

Cut-off 6/10  to  SAO  of  BtrolM 

RtToiuiions   per   mln.    (engine)    80   la  200 

C»r  wheelB  24  in.  dlam. 

Track  gpeed  300  to  EOO  f C.  pat  mln. 

Track  power,  level  track  3  to  4  Imded  cars 

Slowini  spaed  ...1  rorotationa  per  min. 


Fig,  206.     8-Wheel  Type  Locomotive  Crane. 
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Ou'iag  to  the  timitationa  of  the  counterweight  the  crane  will 
raisQ  ite  "[reatest  load  when  working  at  ita  shortest  radiut'. 
These  tranes  are  generally  able  to  pull  several  loaded  care  on 
level  tiack.  The  boiler  should  be  large  in  order  to  demand  only 
occasional  attention  from  the  operator. 

Locomotive  cranes  similar  to  the  ones  ithown  in  Figs.  206  and 
207  coHt  as  follows: 


Ktbam  Dbiven 

—  4  WnEtL 

TYPE 

Stuidird  boom 

Odpseity 

prig,  weight  ir 

Sr 

Price 

(.  o,  b.  f  «ot 

35 

"a 

8  Wh 

32.000 

Bo.om 

75,000 

EEL  Type 

$7,000 
8,BM) 

12,000 

36 

14-8 

M.OM> 

A^ 

Fig.  207.     4-\Vheel  Typo  with  BuckBt. 

In  the  above  the  maximum  capacities  are  at  a  radius  of  12^ 
ft.  and  the  minimum  capacities  at  40  ft. 

For  prices  of  the  above  with  oil  burning  boilers  add  $%.  For 
electric  drive  add  4%. 

One    type    of    locomotive    crane    is    made    in    the    following 


LOCOMOTIVE  CEANES 

Sid.  boom  snir 


'K 


ft.  4  ia.            130,000  t23,al 

-■     •   ■-                87,EIW  H,00 

60,000  ID.GO 

30.000  T.SO 


35 

31  ft.  G 


Of  the  above,  No.  1  is  to  be  had  with  gasoline  power  which  adds 
about  16%  to  the  cost. 

If  electric  power  ie  to  be  used,  the  prices  of  the  above  are  about 
57o   higher.. 


Fig.  208.     Crane  Hoisting  Buckets  of  Concrete. 

EUotro  Hagnets.  Steam  turbine  generating  sets,  complete 
with  magnet,  frMii  $4,000  for  10  KW  set  with  56-inch  mt^Tiet,  such 
as  is  UHed  on  the  larger  cranes,  to  $2,500  for  a  5  KW  set  with 
38-inch  magnet,  as  used  on  the  smaller  cranes. 

A  mackine  primarily  designed  a.a  a  steam  shovel,  but  whick 
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CBQ  be  equipped  with  the  locomotive  irane  boom  and  arrange 
to  operate   a  clam  ahell   bucket,   costs   as  follows: 

SUndsrd  type  A,  locomotiTe  eraae  cap.  3  Ions,  X  ft.  boom t7,2O0 

BtBodsrd  lype  A,  ihoiBl  cap.  M  eu.  yd 7.aXI 

Standard  type  B,  locomotive  crane  cap.  5  tons,  32  ft,  boom S.2O0 

SUndard  type  B,  (horsl  cap.  %  cu.  yd S,20D 


Approximate  shipping  weight  of  type  A  is  24,000  lb.  and  of 
type  B  is  40,000  lb.     Prices  I.  o.  b.  Pennsylvania. 

A  tractor  crane  similar  to  the  one  shown  in  Fig,  209  has  the 
following  specifications.  It  consists  of  a  stiff  leg  derrick  with 
a  counterweighted  mast  mounted  on  a  steel  car.  It  is  operated 
by  a  steam-driven  hoist  and  due  to  the  counterweight  no  out- 
riggers are  required,  permitting  the  boom  to  be  swung  through 


Fig.  209.     Tractor  Crane. 

an  arc  of  about  300  degrees.  The  capacity  is  rated  as  follows: 
a  hook  load  of  6,500  lb. ;  a  1  yd.  clam  shell  bucket  with  coal 
weighing  60  lb,  per  cu.  ft,;  a  ^  yd,  bucket  with  material  100 
lb.  or  iesa  per  cu,  ft.;  and  a  ^  yd.  bucket  with  wet  sand  or  other 
material  weighing  120  lb,  or  less  per  cu.  ft.  The  maximum  reach 
is  ^0  ft,  from  center  of  mast.  The  hoisting  speed  is  rated  at  175 
ft.  per  minute  for  bucket  work  and  100  ft,  per  minute  for  hook 
work.  The  travel  speed  on  a  4%  grade  is  75  ft.  per  min.  The 
approximate  shipping  weight  is  25.000  lb.  and  the  price  is 
$0,500  with  tractor  wheels  and  $7,500  with  cHteTp'"aT  wheels. 
A  patented  auto  crnne  has  the  following  specifications.  Ca- 
pacity as  a  derrick,  4,500  lb,  at  a  20  ft,  radius.  Maximum  dead 
load  capacity,  6,000  lb.  Length  of  car  body  IT  ft.  10  inches, 
width  S  ft.  0  in.    LengUi  of  boom  30  ft.,  weight  without  bucket 
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11  toae.  Propelling  speed  160  ft.  per  mio.  on  hard  level  groniid. 
This  outfit  may  he  had  with  either  steam,  gaaoline  or  electrlo 
drive  and  coets  with  wheel  traction  86,000  not  including  bucket. 
With  caterpillar  traction  the  cost  is  more.  For  ear  unloading 
a  %  cu.  yd.  bucket  ia  used  and  for  excavating  a  Mi  ^d.  bucket. 
The  bucket  coats  about  (TOO  extra.  The  approximate  Bhipping 
weight  of  the  outfit  ia  13  tons.  This  machine  is  illustrated  by 
Fig.  210. 


Fig.  210.    Auto  Crane. 

A  gasoline  driven  crane  has  the  following  specifications:  multi- 
pedal  traction,  standard  boom  of  30  ft.,  capacities  of  from  4,500 
lb.  at  a  30  ft.  radius  to  13,000  lb.  at  a  10  ft.  radius.  The  trac- 
tion speed  is  from  ^4  to  IVi  miles  per  hour. 

This  outfit  weighs  about  33,000  lb.  and  cosU  $9,800  f.  o.  b. 
Chicago. 

Locomotive  Crane  Equipped  with  an  Attachment  for  File  DtIt- 
Ing.  A  novel  device  for  driving  piles  has  been  used  on  the 
Nickel  Plate  R.  R.  in  its  grade  crossing  elimination  work  in 
Cleveland.  The  contractor  has  fitted  this  crane  with  a  simple 
and  inexpensive  attachment  for  driving  the  piles.  The  accom- 
panying cut  shows  the  crane  with  this  special  attachment  driving 
piles  for  an  elevated  awitth. 

Two  25-ft.  guides  are  hung  from  the  end  of  the  crane  hoom, 
being  held  b;  a  bolt,  and  Uiey  are  free  to  swing  back  and  forth. 
When  driving,  the  guides  are  held  rigid  hy  a,  brace  fastened  to 
the  completed  portion  of  the  trestle.  The  piling  is  securelj  held 
in  the  guides  by  several  cross  braces  on  the  back  side,  and  on  th" 
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front  side  by  an  iron  bar  placed  cross  the  two  hooka  at  the 
bottMn  of  the  ^ides.  The  hammer  ia  operated  with  a  single 
houting  rope,  and  hook,  controlled  by  the  operator  of  the  crane. 
The  trigger  for  releasing  the  hammCT  at  the  top,  is  a  bolt,  inserted 
in  one  of  the  guides.  The  crane  hoists  the  piling  up  into  the 
guides  for  driving,  with  the  same'  hoisting  rope  that  operates 
the  hammer.    While  this  is  being  done,  the  hammer  is  held  at 


Fig.   211.     Crane  and   Pile   Driver   Attachments   Operating   i 


the  top  of  the  guides  with  a  bolt,  placed  through  the  guides  by 
one  of  the  workmen.  The  guides  are  equipped  with  a  ladder  as 
shown  in  the  cut  so  that -the  workman  can  reach  the  top. 

The  railroad  has  used  40-ft.  piles  and  has  driven  them  20  ft.  into 
the  ground,  which  consists  of  practically  all  shale.  The  contrac- 
tor claims  that  he  can  drive  four  of  these  piles  in  less  than  an 
hour,  The  guides  are  easily  and  quickly  attached  to  or  removed 
from   the  locomotive  crane. 


c.  Google 


LOCOHOTXTES 

The  tractive  {once  or  drawbar  pull  of  a  loctnnottTe  is  its 
pulling  strength  in  poundi  measored  b;  a  dynamometer.  The 
larger  the  c^lindwB  and  tbe  greater  the  eteam  pressure,  the 
greater  the  tra<^tive  force;  the  larger  the  diatoeter  of  the  driving 
wheela,  the  less  the  traoCive  force. 

Let  T  reprennt  the  tmctiTe  force. 


DZ  X  L  X  O.ffi  p 


Example:  To  find  the  tractive  force  of  a  locomotive  with 
cjlindera  10  in.  in  diameter  b;  16  in.  stroke,  150  lb.  lx>iler 
pressure,  and  driving  wheels  33  in.  in  diameter; 

102  X  1«  X  OM  X  IBO 

T  = =  s.isa  lb. 


Mr.  H.  P.  Gillette  says:  "It  is  very  cmnmonlj  stated  that 
20  lb,  is  the  force  required  to  pull  a  2,000-lb.  load  over  light 
rails.  This  may  be  so  over  carefully  Iskl,  clean  track,  with  ties 
cloee-spaced  and  with  car  wheels  well  lubricated;  but  over  the 
ordinary,  rough,  contractor's  track  20  lb.  ia  much  too  low  an 
estimate. 

"  In  the  '  Coal  and  Metal  Miners'  Pocket  Book '  is  a.  table  giving 
actual  results  of  traction  tests,  including  several  hundred  sep- 
arate teats  under  varying  conditions.  From  these  tables  I  have 
summarized  the  following: 

Per  shartton 

FnO  to  Mart  mins  can  IM  ityle)  loidsd  tOIb. 

Pnll  to  atnt  mine  ear*  (oev  a^le)  emptj  801b. 

Pall  to  keep  up  4^-ni!Ia  per  hour  spefd  (old  ityle  empty)..  Mlb, 
PnU  to  kMp  np  tM-mile  per  hoar  speed  (old  Btyie  fall)  ....  6J  lb. 
Pull  to  keep  np  4U-niiie  per  honr  speed  (new  atrle  empW).  Mlb. 
Pun  to  keep  up  1U-mi1e  per  Hoot  epeed  (oew  style  fnUJ  ...  38 lb. 
477 
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"  The  foregoing  was  for  trains  of  1  to  4  care,  but  with  ft  train 
of  20  cai-B  the  pull  was  46  lb.  for  old  style  cars  and  26  lb.  for 
new  style  cars  per  short,  ton  on  a  level  track.  The  mine  cars 
used  had  a  wheel  base  of  3i^  ft.;  they  weighed  2,140  to  2.415  lb 
empty  and  7,8S5  to  9,000  lb.  loaded.  The  diameter  of  the  wheels 
was  16  in.,  and  of  asles  2%  in.  for  old  style  car  to  2*^  in. 
Iqf  Dew  style  car,  with  a  steel  journal  5^  in.  long,  well  lubri- 
rated  in  all  cases,  in  fined  caet-iron  boxes.  The  new  style  cars 
had  better  lubrication,  the  importance  of  which  is  well  shown  by 
the  results  of  the  tests.  The  track  in  the  mine  was  level  and 
in  good  condition.  We  know  of  no  tests  on  car  resistance  of 
anull  cars  that  are  as  extensive  and  trustworthy  as  the  fore- 
gwn?-" 


Fig.  212.    Saddle  Tank  Locomotive  4-Coupled. 

Based  upon  these  data,  and  upon  the  assumption   that   the 

resistance  to  traction  is  40  lb.,  per  short  ton,  an  8-ton  dinkey  ia 
capable  of  hauling  the  following  loads,  including  the  weight  of 
the  cars: 

Level  trsek  TO 

1%  grads  te 

1%  «r«dB  tS 

S%  grade  28 

*%  grade  a 

6%  gT»de   17 

6%  grede  14 

6%  grade  10 

Note:    On  a   poor  track   not  even  ai   great  loade   as   (be   above  can  be 


Due  to  the  accidents  that  frequently  occur  from  the  breaking  in 
two  of  trains  on  steep  grades,  and  from  the  running  away  of 
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engines,  it  is  advisable  to  avoid  using  grades  of  more  than  6%. 

When  heavily  loaded,  a  dinkey  travels  6  mtleB  per  hour  on  a 
straight  track;  but  when  lightljr  loaded,  or  on  a  down  grade, 
it   may  run  9  miles  an  hour. 

Four-Coupled  Tank  Lqpomotives  of  one  make  are  as  follows: 


Oylind™ 

Dia.  Btroke 

ToW 

HsuUdc  capas 

inchea 

weijht 

on  level,  tons 

E  by  10 

ll.JM 

7  Wj  12 

17200 

S  b;   14 

s- 

n.,m 

515 

10  1^   16 

j; 

36,700 

u  S  w 

39:800 

1000 

8.TO0 

The  hauling  capacity  on  a  t^%  grade  is  about  one-half  of  that 
on  the  level.  On  a  6%  grade  it  is  about  5%  of  the  hauling  capac- 
ity  on   the  level. 

Six-Coapled  Locomotive  for  contracting  service  ie  built  in  stan- 
dard gauge.    The  cylinders  are  IS  by  24  inches,  boiler  pressurs 


Fig.  213.    e-Coupled  Locomotive. 

180  lb.,  the  weight -on  the  driving  wheels  is  86,300  lb.,  weight 
with  tender  156,000  lb.  The  hauling  capacity  in  tone,  exclusive 
of  the  engine  and  tend«-,  is  2,033  on  the  level.  The  hauling 
capacity  on  a  %%  grade  is  960  tons;  1%  grade,  560  tons;  2%, 
310  tons;  3%,  I9S  tons.  This  locomotive  costs  about  $21,200 
f.  o.  b.  works. 
Locomotives  of  another  make  cost  as  follows; 

FOUB  COUFLO) 

Saddle  or  side  tanks,  fuel  box  in  cab. 

Cylinder*  Gangs,  in.  Tract,  effort  Weighl                  Price 

Dia.  atrolie  aadorer  ia  pounds  in  pounds  f.  o.  b.  tactory 

e   by   W                   20  S.ttS  15,000                   t4.500 

8  by  12                   20  4.350  21.000                    5,500 

10  by   W                   SO  8,770  J2,000                    6,500 

11  by   IS                  30  S,1S5  42,000                    7,600 
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with  rear  fuel  bunker 

12  by  18  Btd  '11,000  56.000  t  S,600 

14  b7  20  lid  14,M»  80,000  12.000 

15  by  24  Bid  21,400  03,000  16,000 

The  eteam  pressure  for  the  above  locomotives  i»  from  160  to 
180  lb.  per  aq.  in. 
Oear  Drive  Locomotives  eepeclallj  designed  for  constmction 

worlc,  are  as  f ollowa ; 


Stt  Wheel 

Orlindeni 
DiLMcokg 

Oann  In       Trael.  effort 
incbei            in  poaods 

Weight 

Price 
f.o.b.  fMtory 

6(*  to  ^8 

ii\  ^  w 

24  lo  36               4,225 
24  to  38                6,700 

24  bl  36              1^300 

FouB  Wheel 

iz.m 
«,ceo 

t  &,500 
.6:500 

IXOOO 

is!     li  ' 

24  to  36              16,600 
24  to  36              14,800 

10,600 
19,000 

60,000 

S,B0O 

be  boiler  pre 

sure  of  the  above  is  160  lb 

for  the  smaller  eiises 

and  ITO  lb.  for  the  larger.  The  foregoing  prices  are  all  f.  o.  b. 
factory  in  Iowa. 

Oasoline  Looomatlve-  A  gasoline  locomotive  similar  to  that 
shown  in  Fig.  214  is  built  in  two  eizee.  The  3  ton  size  has  the 
fallowing  apeciScations:  Gange,  from  IS  to  56^  inches;  speed, 
up  to  10  miles  per  hr.;  draw  bar  pull,  1,200  lb.  at  5  miles  per 
hr.;   600  lb.  at  10  miles  per  hr.;   cost,  f.  o.  b.  Ohio,  $2,200. 

The  6  ton  size  has  the  following  speciflcations :  Gauge  from 
24  to  5a\^  inches;  speed,  up  to  10  miles  per  hr.;  draw  bar  pull, 
2,400  lb.  at  5  miles  per  hr.;  1,200  lb.  at  10  miles  per  hr.;  cost, 
J3,850  f.  o.  b.  Ohio. 

Mr.  Andrew  Harper  says  that  the  life  of  a  dinkef  locomotive 
used  on  cmstruction  work  is  about  20  years.  I>uring  that  time  it 
will  need  2  or  3  sets  of  driving  tires,  and  brasses. 

Upon  investigation  of  a  very  large  number  of  locomotives  upon 
the  Great  Northern,  Northern  Pacific  and  other  railroads  made 
by  Mr.  Gillette  for  a  railway  commission,  the  average  life  of  a 
locomotive  in  railroad  service  is  not  far  from  25  years,  so  that 
a  fair  average  for  depreciation  may  be  4%  if  figured  on  the 
straight  line  formula.  This  does  not  represent  the  life  of  the 
different  parts  of  the  engine  however. 

On  the  Southern  Pacific  R.  R.  in  aix  years  there  waa  an  average 
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of  49  locomotiveg  out  of  1,640  vacated  per  jear  or  3.2  per  cent, 
vhich  would  establish  the  life  of  these  locomotives  at  31  years. 

From  July,  1907,  to  June,  1908,  the  cost  of  repairing  locomotives 
for  the  Isthmian  Canal  CommtssioD  averaged  about  ¥81.46  per 
month  per  engine  valued  at  about  $7,500,  or  at  a  rat«  of  13% 
per  year. 

Mr.  R.  Price  Williams  contributed  a  paper  o&  the  maintenance 


Fig-  214.    Gasoline  Locomotive. 

and  rMiewal  of  average  railway  freight  locomotives  for  the 
Institute  of  Civil  Engineers  of  Great  Britain,  from  which  have 
been  abstracted  the  following  data  on  the  life  of  various  parts  of 

IcicomotireB : 


.Life  in  train 

Life  in 

milea 

10,000 

u 

India  nibbor  pipe. 

M.ODO 

Psinling. 

100,000 

BrM<  tubes,  steel  ferriilea. 

120,000 

* 

Cranli  axleB.  moulde,  etc. 
BusriU,  wash  oul  plagr.  etc. 

10 

Bailer,   Jonraal  botes   and   caps,   braises,   brass  valve 
.    and  arpbana.  flrebox  sbell  ends,  tube  plate  and  bac 
flreboi,  ropper  recess  platfi,  etc. 

Motion  cylinder.,  reversing  estchslide  bloclis,  blaM  pip< 

1   plpea.    amoka-boi 
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TENDEE 
'A    Brake  blockg,  hose  paekingB,  etc. 
3       FBiDting.  tires,  bolU  ftnd  nnU  for  tender. 
B       Oak  plunk. 

"The  Btuidard  Talne  of  an  engine"  (on  the  parabolic  asaiunp- 
tiou)  ^%  net  cost,  and  the  normal  dilapidation  %  net  cost. 

The  life  of  locomotive  tubea  is  a  very  important  part  of  this 
question. 

Mr.  "W.  Garetang  is  authority  for  the  statement  that  on  the 
Big  Four  the  average  life  of  charcoal  iron  tubes  was  75,000  miles 
anij  on  freight  service  58,000  miles  taken  from  engines  with 
BhaUow  fireboxcB.  When  the  fireboxes  are  deep  the  tubes  accom- 
plish 15%  more  mileage.  The  data  were  obtained  from  ^o.  1 1 
tubes  weighing  S%  lb,  per  foot  and  it  was  the  practice  to  con- 
tinue to  piece  the  best  tubes  until  the  weight  was  reduced  1.4 
lb.  The  average  tube  was  pieced  about  10  times  before  being 
condemned.  ■ 

,Mr.  B.  Haskell,  of  the  Pere  Marquette,  believes  that  the  lite  of 
locomotive  tubes  varies  from  5  to  9  years,  depending  upon  the 
quality  of  water  uted.  The  tubes  worked  an  average  of  iS 
months  in  service  before  being  removed. 

C.  E.  Queen's  experience  wax  to  the  eiTect  that  with  alkali  and 
incrusting  solids  in  the  water  the  tubes  have  failed  in  as  short 
a  time  as  3  months,  while  with  no  scale  and  good  water  the  tubex 
will  last  as  long  as  15  years. 

Mr.  D.  Van  Alstyne,  of  the  Chicago  Great  Western,  says  that 
the  average  run  on  the  road  was  15  months,  with  average  life  of 
7  to  8  years,  steel  tubes  being  limited  to  8  months'  service  in  one 
engine.  Life  of  the  deep  firebox  is  longer  than  that  of  the 
shallow  one 

Mr.  Thos.  Pajiton,  of  the  A.,  T.  &  S.  F.,  does  not  know  of  s 
single  feature  of  locomotive  maintenance  subject  to  wider  varia- 
tion than  tubes.  On  the  Middle  Western  division  of  that  road, 
in  freight  service,  it  was  difficult  to  get  18,000  miles  per  tube, 
while  on  the  west  end  of  the  Chicago  division  80,000  miles  vas 
obtained. 

In  the  year  1907  the  cost  of  maintenance  of  engines  on  several 
representative  American   railroads  was  as  follows; 


Atcbison  .... 
OhiCBio  A  All 
D,  L.  *  W.  . 
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These  ahow  an  average  of  a,  little  over  $2,000  per  locomotive 
per  year,  which  is  probably  not  far  from  20%  of  the  original 
coat  of  each  engine. 

Locomotive  Bepair  Coiti,  Tanamft.  The  cost  of  repairs  to  loco- 
motives, 280  in  service,  at  Panama  for  the  year  ending  June  30, 
1910^  was  as  follows  per  locomotive; 

Item  Oott 

Labor    I  SIB 

Material     SU 

ToUl    »,I!4 

The  total  cost  of  repairs  during  the  6  months  ending  June  30, 
1010,  for  31,055  days'  service  was  an  average  of  CS.94  per  loco- 
motive per  day. 

The  following  is  a  detailed  statement  of  the  cost  of  repairs 
to  engine  No.  7,  Daneville  &  Mt.  Morris  R.  R.,  under  the  charge 
of  the  author.  This  engine  had  been  operating  for  over  a  year 
with  nothing  but  minor  repairs  and  was  no  longer  in  fit  condi- 
tion for  r^ular  operation.  These  repairs  include  a  pretty  gen- 
eral overhauling  and  arc  ftbout  what  would  be  necessary,  aside 
from  minor  work  that  can  be  done  by  a  roundhouse  man,  to  keep 
it  in  fair  condition  for  one  year  with  a  performance  of  about 
16,000  miles.  This  is  on  a  small  railroad  in  tlie  central  part  of 
New  York.  The  tractive  power  of  this  engine  was  11,100,  the 
total  weight  43  tons,  and  the  weight  on  the  drivers  29  tons. 

1  New  flid.  (teel  tiree  STK-ln.  W.  C.  BH  i  3^,  4,196  lb. 

@  Mi  centa tl23.« 

UO  New  steel  tubea  rxlO'-eW"    @  M  hi-H 117.44 

»  New  ufe  endi  for  tubea,  4  .M  1.32 

170  Newcopi>«r  [ermliu  %x2xm',  ID  lb.  e  .22 3.0S 

.    ITfiNew  copper  terrulea  ^ilUiS^k  3eib,  @  .S3M  8.20 

12  New  nUy  boltt.  i«Bir,  ®  .08  3.X 

8  New  atgy  bolts,  UT.  9  M 72 

5  New  bUt  bolls  'Va'  Iron,  10  1b.  0  M'Ao .GL 

12  New  'tM'  twist  driUs  (broken  drilling  stay  bolt  holes)         l.W 

2  New  ^eete  Ms'  Unk  aleel  (t*nk  bottom),  S20  lb.  @ 

1.96    16J7 

1  Sew  sheet  W'  tanli.  B2  lb.  &  IM  l.M 

i  New  sheets  C.  R.  jacket  steel  No.  22 1  iS  1 72".  K  lb. 

©  2.80  1.65 

1  New  C.  I.  driving  box  shoe  and  wedge,  «0  lb.  O  .02^.         l.BO 

Bsbbitt  metal  (or  crosshesds,  VA  lb.  O  -22 l.« 

WrouBhl  iron,  72  lb.  @  .02^4  l.«2 

l"gtts  pipe,  614  ft. 21 

ZV  tank  hose,  3  ft.  ®  ,6?^.' ['.'.'^'.'.'."'.'^'^'.'.'^'.'.l         i!bb 

1  l~  braas  ping  cook  .80 

IS  tti2~  bolU  witfa  nulB  and  wasbors.  .«« 1,08 


12  V^H     

21  %-!"  bolts  witb  nnta  and  washers,  .DIM  .. 
2  4i  I  IS-  bolls  with  Dots  aod  washers.  .07  , . 
4^1^  holts  with  nuts  and  wanhere,  .OS  . . . 
Bfi-  nnts  


484         HANDBOOK  OF  CONSTRUCTION  EQUIPMENT 


KWets.  %!%.  24  lb 

BiT-is,  ^4.1.  K  lb    

BivBto,  %»!«.  ilb 

a  16"  tqnare  butird  Sin,  @  JS  .. 

1  le'  hnir  round  butud  flle  

6  Candles,   @   ,0314   


Powdered  emrr' 
I  PiHPi  fln>>>>ed 


1 10 1 9  ft.  . 


1  Plere  finished  o&k  2igiia  ft.  . 

Ai.ph»l(iini,  IM  s 

Slow  hWk,  M  t.  

Drop  blwk,  S  lb 

C»b  greta.  %  g 

TurpfBliDB,  1  g.  

Linseed  oil.  «  g.  

While  lead,  !  lb 

Red  leid.  2  lb 

Japao  dryer,  14  E 

Varnish,  Hi  g.  


M.:: 


BeDfine.  4^  g 

R.  R.  ticket  foe  msMenjeP  . 


10%    ».»» 

TLOGSOS 

Credit  ior  acrmn.  ta  toUors: 

4St««l  tirei,  2.150  lb.  @>  IZ.GO  C.  T. tl3.eT 

Tnbe  and  tnb«  ends.  404  lb.  @  H-eent  lb 2.01 

M  Second-hand  (ubeB,  2"i  lO'-IT.  O  .IDli  W.M 

Copper  (errale-i.  Bib.  @  .lOM  lb J* 

atay  bolts,  M  lb   ®  W-cenl  lb .14 

Tank  Reel,  974  lb    &  U-cent  lb 3.3T 

C.  t.  ihos  and  wedge,  ^  lb.  at  U-ecnt  lb X 

BruMptaB  eoek.  1  lb .m 
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Hiib  included  the  following  itema  of  lepair: 

Examine  and  repair  braesee. 

Two  second-hand  wheel  centerB. 

New  3%-ia.  tires. 

Examine  crank  pine. 

Take  up  side  motion  in  driving  boxM. 

Turn  engine  truck  tires. 

Examine  driving  bm  brattefl. 

Examine  cjlindcTS. 

Examine  valves. 

Examine  front  end. 

New  studs  for  front  door  ring. 

CroBB  head   gibn   babbitted. 

Itemove  fluee  and  copper  both  ends  when  replaced. 

Examine  sta;  bolts  and  drill  tetl-Ule  holea. 

Examine   boiler   as   per    form   No.   2,    Public   Service   Com.    and 

examine  all  corners  of  mud  ring  for  leaks. 
Examine  flue  sheet. 
Tet<t  steam  gauge  and  pops. 

Take  out  %-in.  air  pump  dry  pipe  and  replace  with  1-in. 
Examine  tmder  bottom,  probably  renew. 
Stay  sheets  in  tank  gone,  replaced. 


c.  Google 
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lUCHINE  SHOP  OUTFIT 

Lathes  cost  from  S^OO  for  the  amall  8i/«i  to  $2000  to  tlie 
larger  Bizes  depending  on  the  type.  A  24-inch  swing  12  ft.  bed 
engine  lathe  weighs  about  6^00  lb.  A  second-hand  machine  of 
this  typ^  can  be  bought  tor  aibout  $500. 

An  upright  drill,  20-in.  weighs  TOO  ib.  and  coats  $200. 


Fig.  215.     20-in.  Upright  Drill. 

A  bolt  cutter  to  thread  bolts  or  tap  nuts  %  in.  to  1^  in., 
right  or  left  hand,  weighs  1,200  Ib.  This  machine  can  be  bought 
second. hand  for  about  $400. 

A  single  end  punch  or  shear  weighs  about  4,S0O  Ib.  and  will 
punch  a  1  in.  hole  through  %  inch  plate  or  will  shear  a  4  by  ^ 
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inch  bar.    A  second-liand  one  will  cost  about  $SSO  and  a  new  one 

$g5u. 

Grindstone,  machinUt'a;  30-in.,  heavy,  mounted  on  an  iron 
frame,  witb  shield  and  water  bucket,  weighs  about  1,500  lb.  and 
coats  new  about  $100. 

Portable  Shops  ai  Developed  by  the  Engineer  Department  of 
the  V.  S.  Army.     1.  Early  in  IQIT,  the  advisability  of  supplying 


Fig.  210.    Bolt  Cutter. 

Engineer  troops  in  France  with  portable  shops  was  considered 
by  the  Engineer  Department.  Designs  were  soon  drawn  up  and 
orders  placed. 

2.  The  units  decided  upon  form  a  train,  consisting  of  a  port> 
able  machine  shop,  carpenter  shop,  blacksmith  and  tin  shop,  and 
a  portable  supply  or  material  unit.  Each  consists  of  a  special 
body,  mounted  upon  a  SMi'ton  truck.  The  train  can  be  operated 
au  a  whole,  or  each  of  the  units  can  be  operated  independently. 
Tlie  shops  were  designed  tor  the  repair  of  the  equipment  of 
practically  alt  classes  of  Engineer  troops.  This  includes  equip- 
ment for  Roadmahing,  Forestry,  Quarry  operations.  Pontoon  and 
otiicr  Bridge  activities,  Water  Supply,  General  Construction  and 
Railroad  Construction. 
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3.  The  moHt  intereRting  unit  of  the  four  is  the  .Machine  Shop, 

the  equipment  of  which  i»  outlined  below: 

A  steel  lioiy  with  BOlid  wood  floor,  supported  from  proper 
Bills,  was  arranged  to  be  easily  mountable,  or  demountable,  at 
will,  yet  secure  when  under  severe  running  conditions. 

The  door  spaced  bod;  cloBPd  is  6  ft,  9  in.  x  13  ft.  While  with 
the  platform  sides  swung  down  to  floor  level,  the  floor  space 
becomes  11  ft.  3  in.  wide  b;  15  ft.  3  in.  long.  The  head  room  is 
approximately  7  ft. 

Suitable  canvas  covers  provide  shelter  for  the  top  and  sides  not 
covered  by  the  folding  up  of  the  platform  extensions. 

Within  the  shop  the  equipment  is  arranged  to  give  fair  wo-lt- 


Fig.  217.    Engineer  Field  Machine  Shop. 

ing  room  about  each  tool  and  bench,  and,  at  the  same  time,  all 

tools  or  equipment  may  be  removed  for  temporary  use  outside. 

The  principal  tools  are  a  14-in.  LeBlond  lathe  with  5  ft.  bed, 
driven  by  a  2  hp.  110  volt  motor,  the  lathe  has  the  uaual  comple- 
ment of  attachments  and  controls.  An  18-in.  drill  press  —  motor 
driven  and  capable  of  drilling  with  a  %-in.  drill  in  steel;  a 
2-wheel  lOin.x  1-in,— 2,000  E.P.M  motor  driven  grinder:  a 
work  bench  with  vibc  and  6  drawers  — the  top  made  of  1%-in. 
oak  being  2  ft.  3  in.  x  5  ft.  6  in.  long;  an  electric  portable 
drill,  good  for  1-in.  holes  in  steel;  2  electric  portable  hammers, 
2  complete  oxyacetylene  welding  and  cutting  outflts;  a  reaAon- 
ftble  complement  of  bench  and  hand  tools,  abrasives,  drills,  sup- 
plies, jacks,  measuring  tools.  These  latter  arranged  for  with 
proper  fastenings  in  place. 

The  shop  is  electric  lighted,  the  wiring  beiug  carried  in  regula- 
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tios  conduit,  and  with  suitable  outleta  for  cutting  in  or  out, 
to  or  frotn  the  engiiKB,  tools  ot  other  units  outatde  of  the  shop. 

A  suitable  corner  crane  with  a  1,000  lb.  Yale  Triples  Hoiet 
serres  the  purpose  of  lifting  heavy  articles  onto  or  off  of  the 
floor  and  gronnd.  The  power  plant  ie  an  independent  unit,  direct 
connected,  4  cylinder,  1,000  K.P.M.  Winton  Gasoline  Engine, 
and  a  6  K.  W.  Generator  complete  with  switchboard,  tanks  and 
coaling  system,   arranged   for   power   end   lighting  circuits 

The  cost  of  the  complete  outfit  —  truck,  bod;,  and  complements 
of  tools  at  war  prices  was  less  than  $8,500.  The.  entire  train 
complete  coot  $27,800.  (The  body  and  tools  weigh  aronnd  11,- 
000  lb.)  A  number  of  the  complete  trains  were  used' in  France, 
others  on  this  side  at  the  training  camps  end  schools  for  En- 
gineer Troops,  giving  excellent  satisfaction  and  receiving  favor- 
able comment  from  those  who  used  tbem  extensively. 

The  speed  ol  this  machine  on  ordinary  roads  is  about  6  milea 
per  horn  and  on  good  roads  h  about  10  miles  per  hour.  The 
time  to  set  up  ready  for  work  under  ordinary  conditions  is  gen- 
erally 10  minute^.     It  would  be  more  for  accurate  work. 

It  is  believed  that  the  outfit  should  have  a  place  in  the  equip- 
ment of  any  contractor  who  handles  projects  of  reasonable 
size.  The  investment  is  not  large,  and  the  service  capable  of 
being  rendered  on  the  spot.ia  quick  order,  would  save  much  time 
of  delivery  ot  parts  for  repairs  usually  sent  to  a  village  shop. 
The  body  could  be  demounted  at  the  site  and  the  truck  used 
for  other  work  in  the  interval.  Interest  on  the  inveatment 
added  to  a  12%  depreciation  amounts  to  about  }1 ,200,  which, 
for  300  working  days,  makes  a  coat  of  $4.00  per  day  added  to 
supplies  needed  On  this  ban  is,  it  is  not  hard  to  &<>ure  the  - 
volume  of  yearly  businesa  which  would  Warrant  the  maintenance 
of  such  an  outfit. 

The  author  is  indebted  to  Major  Gen.  Black,  Corp.  of  En- 
gineers, U.  S.  A.  for  the  above  notes,  and  for  the  photograph  of  the 
apparatus. 

Shop  Boat*  for  Keeping  Plant  In  Sepalr.  Mafor  H.  Burgees, 
in  ProfettiottaX  Hsmoirg  for  December,  1015,  has  written  the 
following:  A  machine  shop  boat  and  carpenter  shop  boat  not 
only  keep  the  plant  in  repair  but  also  manufacture  small  repair 
parts.  The  machine-shop  boat  carrier  a  small  ice  plant  and  a 
blai^ksmith  shop.  The  equipment  at  Kogers  Inland  includos 
two  dipiier  dred;;ea  with  IVij'd.  buckets,  one  towlKiat  and  one  - 
small  steam  tender,  three  derrick-boats  equipped  with  1-yd. 
orange-peel  buckets,  two  full-sized  drill  rafts  and  tenders,  one 
half-ei7ed  drill  raft  and  small  tender,  and  a  number  of  scowb 
barges,  quarter-boats,  launches  and  skiffs.  >lt 
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The  layout  of  the  floating  i^rpenter  ahop  is  shown  by  the 
lower  sketch.  A  shop  building  106x24  ft.  in  plan  l>;  II  ft,  high 
was  congtruc-ted  on  a  decked  Ijarge  and  equipped  with  a  wood- 
worker, a,  lathe,  &  bandsaw  with  adjustable  table  and  a  grind- 
stone, all  driven  by  s  10-hp.  gasoline  engine.  There  is  also  an 
elertric  borer.  At  one  end  are  two  derricks  for  handling  heai7 
timbers,  small  launches  and  skilTn,  one  of  wfaieh  is  rigged  with  a 
double  and  triple  block,  the  other  with  a  differential  chainblock. 
The  derricks  place  heavy  pieces  on  roller  ears,  which  can  be  I 
moved  readily  about  the  shop.  , 

The  floOT  space  is  sufficient  for  simultaneously  working  on 
two  or  three  of  the  longest  and  largest  boats  used  in  the  fleet,  for 
building  at  one  time  several  ^iffs  or  for  repairing  a  launch  at 
the  same  time  that  Hkiffs  are  being  built.  When  the  demand  for 
carpenter  work  in  light,  the  floor  space  can  he  utilized  for  stor- 

The  barge  coat  $4^75  to  build  and  $2,000  to  equip  with  cabin    j 
and  machines.  1 

The  hull  of  the  machine-shop  boat  is  exactly,  like  that  of  the 
carpenter- shop  boat.  Its  total  cost  equipped  was  about  Sll,- 
620.  The  steam  for  operating  engines,  pumps  and  generator  set 
is  supplied  by  a  60- hp.  boiler. 

.Shop  Cost  and  Purchase  Fbice  of  Dbedge  Pabts 

Shop  Coat  from 

Dipper  drsdse  parts  cost  dealer 

Dipp«r  Bhsri,  weigM  EO  lb f  Z.25  t  5.00 

Uholt,  weight  IK  lb    am  issn 

LBIch  krf per,  weiEbt  60  lb 

Lwch  bur,  weiBhl  38  lb. 

Bottom  band,  wcinht  2(">  lb 

Bark  bran,  weight  IDS  lb t.su  s.w 

Door  plate,  weight  S45  lb 14.S0  18.9S 

The  blacksmith  sliop  occupies  the  full  width  of  the  cabin,  iii  37 
ft.  long  and  contains  two  forges,  two  anvils,  one  power  blower 
and  the  usual  equipment  of. tools,  quenching  tanks,  etc.  The  floor 
is  covered  with  a  2-in.  carpet  of  mixed  coal  duet  and  cinders, 
which  is  kept  damp  (or  Are  protection.  There  are  three  shifts  of 
one  man  each.  Comparatively  heavy  work  can  he  done  here;  for 
example,  a  hroken  5-in.  wheel  shaft  of  one  of  the  toW'boata  was 
Bucoessfuily  welded  and  the  wheel  again  in  service  in  48  hr.  An 
.  important  duty  of  the  smiths  is  to  keep  ready  for  use  an  extra 
bucket  of  each  size  and  shape  for  installation  oa  any  dredge  or 
derrick  boat. 

In  the  machine.shop,  power  is  furnished  by  a  I5-hp.  Dayton 
center-crank  vertical  engine.    The  general  layout  of  the  shaft- 
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ing  ie  about  what  ia  found  in  a  small  machine  shop  on  land. 
The  principal  work  of  the  mechanics  is  keeping  ready  for  service 
the  full  number  of  drilla  needed  for  one  half-aized  and  four  full- 
Bized  rafts  — that  is,  about  54  drilU.  The  aervice  of  the  drilla, 
eapecially  in  the  flint,  ia  aevere,  and  four  or  five  are  broken  a 

The  actual   cost   of  making  certain   dredge  parts   at  the   shop 
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Fig.   21S.     Layout   of   Two   Federal    Shop   Boats  —  Machine   and 

Carpenter. 

and  the  purchase  price  from  dealers,  according  lo  the  experience 
of  the  past  two  years,  are  tabulated  above.  To  the  shop  cost 
should  be  added  shout  10%  to  cover  depreciation,  overhead 
charges,  and  other  elements  of  total  cost. 

Coit  of  Electrlo  Power  for  Operating  Machine  Shop.  The  fol- 
lowing fable  is  taken  from  bulletin  No.  3S  of  the  Iowa  State  Col- 
lege Elngineering  Experiment  Station. 
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Machine 

lE'inch  drill  preiB   .. 

12-inch  cut  ofF  bbw  . 

16-iDcb  gwlDK  cut  oS 
8  inch  trlf  teei  cut  o 
S'inch  friction  leed  i 

12  Inch  Mif  "teed"  rip'i 
24  in.  macbine  ialhe 
Uillinz  macbins   .... 

12iBcS  plHuer    

SZ'incb  boring  mill  .. 
S-toot  boring  miU  .. 


c.Coo^lu 


UIZEA8 

Concrete  mixers  are  uguallj  divided  into  three  claaees:  (1) 
Batcli  mixerB,  (2)  CcmtinuouH  mixeTB,  and  (3)  Gravity  mixers. 
In  batch  mixers  the  ingredients  of  the  ctmcrete  in  a  proper  amount 
or  "  batch "  are  placed  in  the  machine,  mixed,  and  discharged 
before  another  bat<;h  is  placed  in  the  mixer.  In  continuous  mix- 
ing, the  materials  are  allowed  to  ent^r  the  machine  and  the  coa- 
crete  to  discharge  continuouslj.  Gravity  mixers  consist  of  ee- 
peciall;  constructed  hoppers,  troughs,  or  tubes  so  arranged  that 
the  ingredients  flowing  through  them  under  the  influence  of 
gravity  are  mixed  together  into  concrete. 

1.  Batch  mixers  are  commonlf  of  two  types:  One,  that  in 
which  the  drum  is  tilted  in  order  to  discharge  the  mixture;  the 
other,  that  in  which  the  drum  is  not  tilted,  but  the  concrete  on 
being  raised  in  the  mixer  by  the  mixing  paddles  drops  on  the 
inner  end  of  a  discbarge  chute  which  conveys  it  to  wheelbarrows 
or  other  placing  devices. 

Th»  following  prices,  etc.,  are  those  of  a  tilting  mixer  in  which 
the  drum,  supported  on  horizontal  axes,  is  tilted  in  order  to  dis- 
charge the  ccmcrete.  The  drum  of  this  machine  is  formed  of 
two  truncated  cones  with  their  large  ends  joined  and  the  con- 
crete is  mixed  by  means  of  steel  plate  deflectors: 

Description  No.l      No.  I     Ka.l 

Listed  Upicltf  per  bstcb  mixed  concrete,  en.  ft 3%         4%  8 

Mlier  on  ekidi,  hand  or  belt  power,  wt.  425  lb t  ^         

Uixei  on  skids,  tight  snd  loose  palley,  wt.  65E  lb tUS 

Mtin  on  (kidi,  tight  and  loose  pulley,  1,175  lb I  300 

Mtxer  mounled  on  hand  porUble  tcncIiB,  tli  Ih K 

Miier  on  extended  'fiirks  lot  .mine.  9W  lb WE 

MiXBT  on  trneks  with  2  hp.  engine.  S7E  lb UO         

Mlxar  on  truck«,  3  hp.  engine,  1,650  lb 385 

liDier  on  trucVs.  3  hp.  engine  ind  hoist.  1.975  lb 4SE 

Uixer  on  trncke.  3  bp.  engine  and  loader,  2.450  lb MS 

Mixer,  Irncks.  i  hp.  engine.  loadKr,  hoist.  Unk,  3,175  lb.    ...         TM 
Ulxer,   trucks,   G  hp.  eoKine,    loader,    *aler   l*nl[  and 

power  dump,  weight  3,»E5  lb LOCO 

Hiier,  tTueln,  8  hp.  snrlne,  loader,  hoist.  wat«  tank 

•nd  power  dump,  weight  4,340  lb l.Iffi 

Plaolnc  Plant,  including  mixer,  designed  for  eliminating  as 
much  labor  as  possible  In  the  placing  of  ccmerete  in  form"  oo 
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such  work  ae  foundations,  piers,  abutments,  alabe,  floors,  rooia, 
archee,  bridges,  etc.,  consists  of  an  inclined  tra^k  made  up  in 
five  sections,  each  10  ft.  long,  skip  car,  hopper  at  end  on  track  to 
receive  batch,  self-supporting  spouts  reaching  25  ft.  Additional 
spout  and  track  may  be  had  if  desired.  The  mixer  is  complete 
with  engine  and  drum  for  operating  the  hoist,  power  loader  and 
tank.  The  outfit  comes  with  two  sizes  of  mixers;  with  mixer  of 
8  cu.  ft.  mixed  concrete  per  batch,  the  complete  weight  is  7,690 
lb.,  price  $1,835.  With  mixer  of  41^  cu.  ft.  capacity,  weight 
S,885  lb.,  price  $1,270. 


In.  the  installation  of  this  equipment,  the  manufacturer  sug- 
gests a  rise  of  not  more  than  4  ft.  per  section.  With  regular 
outfit  of  5  sections  the  top  of  the  last  section  would  be  20  ft. 
from  the  ground,  10  ft.  of  this  is  needed  for  the  fall  of  the 
spouts  which  leaves  10  ft.  for  the  height  of  the  forms.  If  higher 
forms  are  used  it  ia  necessaj-y  to  use  more  sections.  Extra  sec- 
tions of  10  ft,  weigh  200  lb.  and  cost  $55. 

A  paver  of  the  type  given  in  the  table  above  is  made  in  one 
size.  It  bae  a  capacity  of  8  cu.  ft.  of  mised  concrete  per  batch. 
It  is  equipped  with  open  end  bucket,  water  tank,  power  dis- 
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charge,  platform  for  operator,  traction  forward  and  reverse, 
difTerential  gears,  knuckle  joint  steering,  one-man  control,  spout, 
3  hp.  engine,  ccnuplete.  The  weight  of  this  machine  is  6,750  lb. 
and  the  price  is  $2,105. 

The  prices  of  all  the  foregoing  machines  are  f.  o.  b.  factory  in 
'Ohio.    The  general  typa  of  the  mixer  h  as  follows.    The  drum 


Fig.  220.     Mixer  8  eu.  ft.  per  Batch,  with  Power  Loader. 

has  a  single  opening,  of  the  tilting  type,  the  manufacturers 
I'laiming  the  following  points  in  superiority  to  the  non-tilting 
type:  larger  eapaeitj  for  its  size;  requires  less  power  to  operate; 
produces  a  better  mix  in  less  time;  a  larger  opening  to  load; 
discharges  more  rapidly  and  stays  clean.  The  drum  oonsists  of  a 
semi-steel  bowl  which  forms'  the  lowen  half  of  the  drum,  the  steel 
cane  forming  the  upper. 
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.  ft.  per  Batch  Paver. 
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Tbe  bowl  hae  two  flat  piecee  on  opposite  sides  which  help  to 
bring  material  from  tbe  bottom  forward,  the  cone  part  carrying  it 
baclc. 

Mixers  of  the  Don-tilting  type,  of  one  make,  are  priced  as  fol- 

Siis  or  batch  in  ID.  ft E             T  10  IE 

CtpMllr  In  cu.  fd.  per  bonr  TA          9%  15  22 

Horse  power    3-»          3-5  6-«  8-10 

SbippiuB  weight  withoat  power  on  trnrka  ....    l,«aa       3,100  S,100  4.900 

Shipping  weight  with  st«em  eogine  end  boiler      4,tO0  5.600 

Shipping  weight  with  giagUne  engine  2.000       3,000  *,200  5.500 

Sbippioc  weight  with  olectrie  motor  1,750       2,600  3,800  5.1«0 

Prire  without  power  on  trucki  f270     ^370  1^65  |905 

Price  with  BWam  plant 1,125  l.TUt 

Prire  with  gasoline  engine  415          586  805  1.U3S 

Price  with  electric  motor,  STcrage  BOO          «SD  S65~  1,375 

Shipping  weight  of  power  louder  and  tank  ...       MO          860  1.340  1.500 

Price  extra  lor  power  loader  and  Uok  $   190     f   ISO  t  390  (390 


Fig.  223.    Low  Charging  Mixer. 
Another  make  costs  as  follows; 

Capacilj  per  batch  in  en.  ft.  looae  nBlerial...  B             7 

r»i»cit7   per   batch    in    cu.    «.    wet    material  314          B 

Uorw   ioier    Vii          *>A 

Horse   power  wltli  power  tooder   3             S 

SbippiDg  WDi^t  wfibout  power  on  imelu  ...  liOO 
abipyiog  weight  with  Aeam  engioa  and  bailer 

wit-Hn-  ^-r-ht   --i.b   -Bt-'lne  engine   2'nn       J'on 

Friee  witbont  power  on  tmdu   I  34E      1475      1 
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Price  with   steam   pUnt    KO 

Price  wilh  gasoline  flngiae   <76  609  785  197 

Price  extin   [or   power  loader    50  60  TE  IG 

Price  extra  Jor  ws»r  tank  35  GO  60  7 

Price   extra    for   platform 95  25  25 

Batch  mixers  of  another  make,  complete  on  trucks  with  gasolin 
engines  without  hoppw,  tanks,  etc.,  are  priced  as  follows: 

Hattd  capacity  Weielit  Price 

per  hour,  cu.  yd.  In  lb.  t.  a.  b.  Uilwsukee 

e  2,700  I  600 

10  <.300  850 


With   Bt«Hin  engine  and  boiler  complete. 
40  13,200 


In  the  above  the  weight  and  price  for  the  80  yd.  size  are  for 
the  outfit  with  steam  engine  and  do  not  include  the  boiler. 

For  the  above  mixers  there  is  a  wide  variety  of  additional 
attachments  ^nd  space  does  not  permit  them  to  be  listed  in  detail. 

E.^tra  equipment  for  the  6  yd.  machine:  batch  hopper  $00, 
water  tank  $60.  10  ;d.  size:  batch  hopper  $75,  water  tank  $85, 
power  loader  with  tank  S250.  26  yd.  size:  hatiji  hopper  $150, 
water  tank  $160,  pivoted  power  loader  and  tank  $625.  40  yd. 
size;  batch  hopper  $180,  water  tank  $170,  pivoted  power  loader 
and  tank  $750.  50  yd.  size:  batcli  hopper  $250,  water  tank  $200. 
80  yd.  size:  hatch  hopper  $500,  water  tank  $350. 

A  Concrete  Klxer  Heating  Attachment  consists  of  a  tank  con- 
taining oil  under  pressure  that  is  forced  through  a  burner  in- 
serted through  the  hollow  trunnion  of  the  mixer.  The  Hame  heats 
the  revolving  a^regate. 

This  outfit  is  regularly  made  in  two  sizes.  The  smaller  is  for 
use  on  mixerfl  up  to  ',^  yd.  size.  It  consists  of  an  oil  tank  with 
12  gal.  capacity,  fitted  witli  a  powerful  hand  pump  and  gauge, 
burner  complete,  and  one  length  of  hose.  It  consumen  2  gal,  of 
kerosene  per  hour,  weighs  approximately  100  lb.  for  shipment  and 
costs  $1 10  f .  o.  b.  factory. 

The  larger  size  is  adapted  for  use  on  a  mixer  up  to  %  yd. 
capacity.  It  consumes  2i^  to  3  gal.  per  hr.,  weighs  approximately 
175  lb.  for  shipment,  and  costs  $125  f.  o.  b.  factory. 

Hortar  Kixer  similar  to  the  one  shown  in  Fig.  225  is  operated 
by  a  4  hp.  gasoline  engine,  rated  at  a  capacity  of  material  enough 
for  25  masons,  weighs  1,500  lb.  on  trucks  and  costs  $445  f.  o.  b. 
facfflry. 
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Qront  Mixer  and  FUoer.  The  machine  illustrated  in  Fig.  226 
ia  designed  for  mixing  and  placing  grout  under  pressure  hy  means 
of  compressed  air.  It  is  used  to  seal  the  flasurea,  rifts,  etc.,  in 
tunnel  work  and  to  check  the  flow  of  water;  to  close  and  eltminata 
voids  where  absolutely  water  tight  work  is  required;  to  repair 
washouts  under  danis,  walla,  foundations,  etc.;  to  solidify  bad 
rock  foundations,  back  Alls,  etc. 


Fig.  224  Concrete  Mixer  Heating  Attachment. 

The  size  of  batch  is  two  sacks  of  cement  and  2  cu.  ft,  of  sand 
and  wliat«ver  water  may  be  required.  Under  ordinary  conditions 
and  when  working  under  a  hea^  of  17S  ft.  or  lesn,  the  batches 
placed  per  hour  will  average  about  forty.  The  air  consumption 
per  batch  is  approximately  260  ft.  of  free  air  per  min.  at  the 
required  pressure. 


s-  :i^K.    tit 


"S»»»saB:  Jo-   JC 
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A  mixei  charging  machine,  which  compriees  storage  bins,  « 
measuring  cylinder  and  a  track  incline,  aJl  mounted  on  wheels, 
reduced  the  coat  of  handling  materialB  to  the  miser  on  two  Wayne 
County,  Michigan,  concrete  roada  built  in  1919.  The  atructure 
is  steel  with  the  bins  and  meaHuring  device  at  the  forward  end 
and  the  track  incline  arrangement  shown  by  the  accompanying 
view.  The  capacity  ia  3  cu.  yd.  of  stone,  sand  and  cement. 
Care  of  st<»ie  and  aaad  arriving  at  the  top  are  discharged  into 
the  bing  and  then  returned  to  tlie  surface  tracks.     Cars  carrying 


Fig.  226.    Grout  Mixer  and  Placer. 

cement  in  baga  are  held  at  the  top  while  the  ^gs  are  untied  aa 
needed  and  emptied  through  a  hopper  and  chute  into  the  mixer 
charging  hopper  which,  when  lowered,  extends  under  the  overhang- 
ing platform  on  top  of  the  bind. 

Two  24-in.  gage  industrial  tracks  spaced  10  ft.  apart  on  centers 
on  the  aubgrade  carry  the  apparatus.  Theae  tracks  connect  by 
switches  with  the  industrial  track  on  the  shoulder  of  the  road. 
A  stiff  coupling  connects  the  structure  with  the  mixer  ao  that 
when  the  mixer  moves  aheart  it  pushes  the  bins  along. 

Contlnaoui  Klxen,  A  continuous  mixer,  of  one  make,  illua- 
trated  by  Fig.  227  coete  aa  follows; 
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12  to  IS  4U  3,21X1  645 

a>  to  3G  6  4.704  S80 

Tlie  above  prices  are  for  mixera  with  battery  ignition.  For 
High  Tension  Magneto  add  935.  All  the  above  are  mounted  on 
steel  wheela. 

A  mixer  similar  to  the  above  fltted  with  pulley  for  belt  drive, 
rs.ted  at  from  0  to  10  cu.  yd.  per  hr.,  is  mounted  on  skids  and 
weighs   1,200  lb.     The  price  is  $10a. 


Fig.  227.     Continuous  Mixer. 

■  A  mortar  mixer  of  the  same  make  as  the  above,  is  rated  ti> 
supply  from  35  to  75  masons.  Fitted  with  a  i'Vi  hp.  gasoline 
engine,  it  weighs  2,450  lb.  and  eoats  $430.  With  high  tensicm 
magneto,  $35  extra-  This  maehine  is  mounted  on  trucks  with 
steel  wheels. 

All  the  above  mixers  may  also  be  driven  by  electric  motors, 
the  12  to  18  and  20  to  35  eu.  yd.  sizes  may  also  be  had  with  steam 
engines  and  boilers. 

ComparlBon  of  Rented  and  Owned  Conpete  HixerB.  From  En- 
gineering Record,  New  York.  The  figures  in  the  accompanying 
tables  have  been  compiled  from  the  records  of  the  Aberthaw  Con- 
struction Company,  of  Boston,  who  ran  a  ledger  account  for  each 
mixer.  The  oldest  mixer  is  nearly  seven  years  old.  The  original 
cost,  repairs,  and  other  expenditures  are  charged  against  the 
machine  and  it  is  credited  with  so  much  per  day  for  the  elapned 
time  it  is  on  a  job.     This  rental  credit  is  based  as  nearly  as  pos- 
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Bible  on  what  it  would  cost  to  rent  this  plant  instead  of  buying  it 
outright. 

Interest  is  figured  at  the  rate  ot  6%  per  annum  on  the  original 
purciiBBe  price  and  compounded  annuallj  Jan.  I.  All  the  figure 
are  brought  up  to  Jan.  1,  1010,  and  the  inventory  value  of  the 
machines  taken  at  this  date.  The  yardage  is  a.  very  close  approxi- 
mation of  the  actual  amount  mixed. 

Comparison  of  the  owned  and  rented  pUnt  coats  for  each  mixer 
shows  that  there  is  very  little  saving  by  owning  the  mixers  when 
they  are  over  5  years  ot  age,  as  in  the  cases  of  Nob.  2  and  3.  In 
fact.  No.  2  shows  a  small  balance  in  favor  of  renting.  On  the 
other  hand,  No.  fi,  a  comparatively  new  machine,  working  tai 
large  yardage,  shows  a  less  economy  than  No.  3.  Mixer  4,  owned 
a  little  less  than  4  years,  rented  02.7%  of  the  time  and  working  on 
comparatively  small  yardage,  such  as  reinforced  concrete  build- 
ings, shows  the  largest  economy  from  an  owner's  standpoint. 

I.—  FrHBT  Cost  and  Repaibs  fob  Focb  Mixees 

(Aoluslly  Owned) 

Miier  Ho.                                        2                3  4  fi  Totalji 

Dale   of    pHfchase    8/18/OS    6/10/M  6/7/06  6/5/07 

Originul     cost     t    625.00    t    ^'iS.OO  %    »75.00  I    93li.D0  (3,^0.00 

Interast  it  t%  to  Jan.  1,  1910     Z81.&1        36S.90  320.E7  153.37  1,021.S6 

Repairg  to  Jan.  1.   19HI    9«.87        360,29  216.M  «7.01  1.045.8O 

Totsl  CMl  to  Jan.  I,    1810    ...  l,B4S,3a      1.891.19  1,412.00  1,BS5.38  6,479.96 

Inventory    value    Jan.    1,    1910     12B.00        325.00  490.00  500.00  1,350.00 

Net  coat  to  Jan.  1.   ISIO   1.723.38      1,389.19  1,012.00  1,025.38  6,129.95 

Total    yds.    miied    12,350        15.500  W,500  19.000  57,3» 

Plant  cost  per  yd t0.1395       ^0.0883  {0.0964  t0.0540  tO.OeW 

II.—  RE5TAI.  Cbedits  roE  FovB  Mixers 

Uiier  No.  2  3  4  6  Totals 

DHya  owned   to  Jan.   1.   1910..  2,325  2,029  1,302  936  6,696 

Days  rpnl»d   lo  Jan.   1.   1910..  827  7U  ■  818  636  2.997 

Per  »nt  o[  dayi  rented  28.1  28.3  63.7  67  45.4 

Benul  rate  per  day  |2,0O  (2.25  12.26  12.25        

Total    rental    to   Jan.    1    $1,655.00  tl,616.S5  tl.83e.25  fl, 204.50  16,311.00 

Total    yds.    mixed    12,350  15,500  10,500  19,000  57,350 

Plant  coat  per  yd (0.1340  10.1042  t0.1748  10.0834  (0.1100 

III. —  CoMPABiBOB  OF  Owned  asd  Rented  Plants 

Uiier  No.                                        2               3  4  6  Total* 

Plant   COM  per   yd..   Table   1..  10.139S  10.0839  10.0H4  10.0640  10.0894 

Plant  coat  per  yd..  Table  2..  0.1S40  0.104g  0.1748  O.0634  0.1100 
Per   cent   savine   by    owning: 

plant,  baaed  on  rental  toal.          4.1          15.!S  44.8  14.7  1S.7S 

The  cost  of  unloading  and  plactttg  in  condition  for  work  aver- 
ages about  $66  to  $75  per  mixer. 
OraTltjr  Htx«n.    The  most  common  form  of  gravity  mixers 

consists  of  two  or  four  small  hoppers    (depending  upon  the  size 
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of  the  mixer)  Ret  upMi  a  frame  support,  which  latter  alao  carries 
a  platform  on  which  the  men  are  stationed  to  load  the  materials 
into  the  hoppere.  Below  these  top  hoppers  three  larce  hoppere 
are  set,  one  below  another.  To  operate  the  mixer  after  the  tap  I 
hoppers  hare  b«en  charged  the  gates  of  these  are  opened,  and  ' 
material  allowed  to  pass  into  the  hopper  below,  whera  it  is 
caught  and  held  until  this  hopper  is  full,  upon  which  the  gates 
are  opened  and  the  material  allowed  to  flow  into  the  n 
lower  hopper  and  so  on  until  the  concrete  is  received  in 
bottom  hopper  read;  to  be  taken  to  the  forms.  This  is  properly 
a  batch  mixer,  but  the  charging  is  carried  on  while  the  material 
is  being  mixed  in  the  lower  hoppers. 


Fig.   228.     Plan   of   Screening,   Crushing  mid   Mixing   Plant, 
Springfield  Filters. 

Mr.  Chas.  R.  Gow,  in  a  very  complete  paper  read  before  the 
Boston  Society  of  Civil  Engineers,  1910,  gives  the  cost  of  concrete 
crushing,  mixing  and  placing  plant. 

This  plant  is  shown  in  Fig.  228.  The  engine  used  was  a  40 
hn.  gasoline  engine,  but  a  25  hp.  was  all  that  the  plant  required. 
Ihe  crusher  was  a  10  x  20  in.  jaw  crusher  which  was  fed  h; 
hand  with  stone  dumped  hj  teams  on  the  crusher  platform. 
The  gravel  and  sand  were  dumped  on  the  platform  and  shoveled 
on  to  an  inclined  grating  which  allowed  the  sand  to  drop  into  a 
34-ft.  bucket  elevator,  while  the  larger  gravel  was  chuted  to  the 
crusher  and  thence  to  the  elevator.    The  rotary  screen  separated 
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the  sand  sod  stone  into  bins  from  which  it  dropped  to  &  measur- 
ing hopper  and  thence  to  a  skip  car.  This  car  was  provided  with 
the  proper  amount  of  centent  from  a  hopper,  was  hoisted  up 
the  incline  and  itii  contcnta  automatical  I;  dumped  into  a  one'  . 
yard  toiACT  which  discharned  into  a  one-yard  hoiatiog  bucket  on 
a  fiat  car.  These  ears,  which  had  room  for  one  empty  and  one 
full  bucket,  were  drawn  by  cables  alonj^  a  track  to  the  placing 
derricks,  of  which  there  were  two,  with  T5-ft.  guyed  maetB  and 
80-ft.  t>ooms. 

This  plant  cost  about  *6,000  at  the  factory,  $600  for  freifrht 
and  transportation  and  $3,900  to  install  and  maintain  in  working 
condition;  total  cost,  therefore,  «9,500.  It  was  capable  of  mixing 
60  cu  yd.  per  hour,  but  actually  mixed  less  than  15,  The  total 
number  of  yard*  of  concrete  placed  was  1-1,282,  which  was  less 
than  the  smallest  amount  necessary  to  make  the  use  of  such  a 
plant  economical. 

Cost  per  cubic  yard  for  crushing,  minting  and  placing: 

Tranaportine    lo    Wotfc;  Per  Ou.  Yd. 

Freight  ol  planl  to  Weatfield   M.OIJS 

CMt  or  unloBding  plant  frain  cars  O.UUS 

Coat  of  teaming  planl  lo  work   0.M6I 

Total  wiet  of  landing  on  job   10.0448 

Knal  RemoVBl  of  Planl: 

Coxt  of  ]>ibor  disniinltJDg  and  loading  (0.0302 

Costal  teaming  to  railroad  0.0100 

Coat  of  freight  returning  0.0043 

Total  coet  ol  remoring  plant 0.O44G 

Erecting  knd  Maintaining  Crnaher  and  Concrete  Plant: 

Coat  o(  labor   (O.lTiS 

Cost  of  materialB  and  luppliea  U.1I39 

Cost  of  migcillaneous  teaming O.OtKrt 

piani    !.."".." I?.,..  0.2918 

Cement  9toreboo»e,  60  Ft.  by  25  P«.: 

Co»t  o!  materials  uBed  W.0206 

Coat  or  lahor  building  0.01» 

Total  coet  ot  cemeot  hoaae   O.OSSE 

Grectiag,  Uoving  and  Removing  Derricka  and  Holaters: 


Com  oT  labor  

Coat  ot  miacellaneouB  auppliei 


..  o.oon 


Total  con  ot  derilulu  . 

n  orunher  pfan't  "oliSTO 


Ciwt  of  depreciation  on  concrete  plant  .. 


Total  depreci 

oal  and  Oil  Uaed  in  Mixing  and  in  Oparati 

Cost  of  coal  — 

Cost  o(  oil  

Total  coit   

Qrand  lolsl  coat  of  cmaher  and  concrel 
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Lieutenant  L.  M.  Adams,  Corps  of  Engineers,  U.  S.  A.,  in 
"  ProfpHBional  Memoirs"  for  January-March,  1911,  describes  a 
mixing  and  handling-  plant  mounted  on  a  barge  for  use  in  work  in 
\oeks,  dams,  etc.  This  plant  is  supplied  with  sand  and  gravel  from 
barges  alongside  and  the  concrete  \e  removed  from  it  by  a.  derrick 
set  up  on  the  formft  or  on  a  boat  adjacent.  The  general  scheme  it 
shown  in  Fig.  229.    The  cost  was  as  followa; 


and  (20  OB.  yd.l  »nd  g_r»™ij«^cn.  .d.) 


4,000.00 


J   (1,000  b«r™li) SOO.OO              ' 

Derrick    {55    ft,   boom)    ooraiilets   with    (8^1 10   taadem 
drum)    hoift.    two   dnplicaM   boDera    (ekcb    SO   bp.),    g 

etrand  19-wire   plow  sleel  rope    3,300.00 

lUyard    cUm    Btaell    bucket    000.00             -. 

Miser,    eompiote    1.S00.0O 

Cement  car  (0  bags)  *Dd  boiat   400.00 

Total     IIO.BO(I.O(> 

Labor  cost  of  aperatioD  per  8'bonr   day  shift   ptM 

Coal  U>  (iirntsh  40  hp.   per   ihitt    K  Um 

Capacity,  twenty  1^  cubic  yard  balchea  per  24  baura  30  yd.  I 

In  an  article  b;  Mr.  Wm,  G,  Fargo,  of  Jacknon,  Mich.,  in  the 
proceedings  of  the  Michigan  Engineering  Society,  1906,  several  I 
types  of  concrete  handling  plants  are  described.  Mr.  Fargo  con- 
siders that  on  work  requiring  the  placing  of  1,000  cubic  yards  of 
concrete  or  over,  it  is  usually  cheapest  to  install  a  plant  for 
handling  the  materials.  The  wheelbarrow,  on  large  concrete 
works,  should  seldom  be  used.  The  tip  car  witb  roller  bearings 
will  enable  one  man  to  push,  on  a  level  track,  from  5  to  8  times 
a  wheelbarrow  load  of  concrete.  Wagons  or  cars  for  bringing 
materials  to  the  mixer  may  be  drawn  by  teams  on  grades  of  2%, 
and  by  locomotives  on  grades  of  4%  or  5%.  Steeper  grades  will 
require  cable  haulage.  On  long  retaining  walls  or  dams  the 
cableway  is  especially  valuable.  A  cableway  of  80D-ft.  span, 
capable  of  handling  a  yard  of  concrete,  will  coat  complete  with 
boiler,  hoist  and  stationary  towers  45  ft.  high,  from  $4,500  to 
$5,000,  and  for  the  movable  towers  about  $1,000  more. 

Such  a  plant  should  be  capable  of  handling  20  cubic  yards  per 
hour.  Where  the  area  is  wide  more  cableways  are  necessary,  but 
if  not  too  wide  derricks  may  economically  rehandle  the  load. 
On  work  where  the  total  width  is  a  large  fraction  of  the  length 
and  where  other  conditions  are  favorable  the  trestle  and  car 
plant  may  be  much  cheaper  than  the  cableway.  When  the  dis- 
tance from  the  mixers  to  further  boundary  is  less  than  600  ft. 
this  is  especially  true.  The  following  figures  give  the  coat  of 
a  car  plant  having  a  capacity  of  200  yards  per  day  with  length 
of  000  ft.  out  from  the  mixers. 


c.Googlu 
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TreBtle  —  Double  track,  24  in.  gauge,  0  ft.  between  centers  of 
traeka;  6in.x8-in.  Btringers,  22  or  24  ft.  long;  2'in.xO-in.  ties, 
2-ft.  6-in.  centers,  2-in.x  12-in.  running  boards  betwe«i  rails,  12-lb. 

Trestle  legs  (30  ft.  average  length)  of  green  poles  at  S  centt 
per  ft.,  will  cost  complete  about  $1.M)  per  lineal  ft.  of  double 
track,  or  for  the  150  ft.: 

At    11.50.    erected    W26.00 

Five  split  switches,  with  spring  bridles,  M  ttS.«a M.OO 

Tiro   iron   turntables,   at  fe.OO   80.00 

Tbree  %-rd.  steei  tip  can,   witli  roller  beaiiuts    IM.OO 

fses.oo 

This  outfit,  vith  repairs  and  renewals  amounting  to  10%, 
should  be  good  for  Ave  seasons'  work.  If  labor  coets  $1.75  per 
day  the  cost  of  handling  200  cu.  yd.  of  concrete  would  be  4% 
cents  per  yard.  This,  according  to  Mr.  Fargo,  would  be  a  saving 
of  about  5^   cents  per  eu.  yd. 

Fnenmatlc  Ulxlng,  Conveying  and  Placing  of  Concrete.  A 
patented  outfit  for  the  pneumatic  mixing  and  placing  of  concrete 
conxistn  of  a  eeries  of  hoppers  sunpended  above  a  machine  for 
the  pneumatic  placing  of  the  concrete.  This  process  mixes  the  , 
concrete  and  delivers  it  to  all  parts  of  the  work  in  the  same 
uniform  mix,  either  wet  or  dry,  as  when  it  first  left  the  machine.  | 
The  delivery  pipe  is  either  three,  four,  five  or  six  inch  wrought 
iron  pipe  depending  on  the  output  required.  The  pipe  may  termi- 
nate in  a  rubher  hose  of  the  same  diameter  as  the  pipe. 

The  mixer  consists  of  two  conical  hoppers  connected  together 
by  chains  ao  that  they  hang  one  below  the  other.  The  ingredients 
are  put  in  the  top  hopper  ai  follows:  the  broken  6toDt  leveling  the 
top  surface,  then  the  cement  leveling  the  stone,  and  then  the  sand. 
The  proper  amount  of  water,  determined  by  experiment,  is  then 
sprayed  over  the  top.  The  door  of  the  hopper  is  then  opened  by 
hand  and  the  contents  are  allowed  to  flow  into  the  hopper  below, 
where  they  are  caught  and  held.  The  hopper  door  of  the  second 
hopper  1b  then  opened  and  the  mixed  concrete  flows  into  the 
conveyor  below.  The  operation  is  then,  repeated.  The  lower 
section  of  the  conveyor  is  of  the  same  general  outline  as  the  hop- 
pers. The  top  of  the  chamber  is  closed  by  a  flap  door  operated 
by  an  air  cylinder.  At  the  bottom  of  the  conical  chamber  is  a 
SO  deg.  elbow  to  which  is  attached  the  discharge  pipe  and   air 

The  compressed  air  plant  should  supply  air  at  a  pressure  o! 
from  80  to  100  lb.  The  following  table  gives  the  capacities  in  cu. 
yd.  per  hour  at  the  indicated  distances. 


Fig.  230. 

An  adaptation  of  this  moGhine  is  shown  in  Fig.  230.  This  rig 
is  used  where  it  h  necessary  to  move  the  outfit.  Special  rigs  are 
used  for  each  particular  job.  This  machine  complete  without 
compreaaor,  for  four  i>r  six  inch  discharge  costs  about  $2,800. 


c.  Google 
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KOIOE  TBITCE8 
(See  Trailers) 

The  vsJue  of  an  automobile  truck  for  handling  materiale  and 

suppHaB  depends  on  a  good  man;  factors  that  are  often  not  famil- 
iar to  a  contractor,  especiallir  when  he  has  no  data,  except  those 
furnished  him  (for  nothing)  b;  the  willing  salesman.  The  motor 
truck  has  cerUiia  marked  characteristics  that  place  it  in  a  distinct 
class  by  itself.  When  comparing  it  with  two-horse  wagons  these 
peculiarities  must  be  considered  to  avoid  an  erroneous  conclusian.  i 
The  common  unit  of  possible  comparison  ia  the  ton  of  ''live  I 
load  "  transported.  The  cost  of  loading  and  unloading  may  be 
assumed  to  be  the  same  with  motors  as  with  horses.  The  essential 
factors  are,  therefore,  as  follows: 


8  —  epced   loaded   in  feet  per  minote, 
KB  =  speed  empty  in  feet  iwr  mlDute, 
D  =  diaUnce  at  hsal  in   feet,  one  wsf, 
L  =  loat  time   in   oqb  B.ersKB   round   trip.    w« 

breskdowna,  ett.,  in  minutes, 
F  =  filed  ctasrieB  per  wotkiog  dor,  ancb  oa  I  = 

S  = 


a  =  Dumber  of  round  tripe  per  voiliing  day  of  m  minaWB. 
Then  ire  have  the  following:  tormuls? : 
D 
a)  ~  =  time  in  minutes  (or  t,  losded  trip. 


(2)  L  H =  ttctuil  D 

D 

m  h+- — hD/e  =  ij 


MOTOR  TRUCKS 


-f(-^) 


LH — (l  +  — I       or   sn   ioteiril  alvH   hi,   since  Ibe   track  muat  usually 


"'[■■%-('+I)] 


r  the  night  *t  one  end  o 
rage  load  traoBported  per  dsr,  in  tons. 


(K)   (0+F 

-—  R  —  cost    of    trinsportatioi 


jeighl  of  load  divided  by  weight  a 


M  +  W 


B  meaaure  at  carry- 


There  are  eiglit,  factors  compoaing  the  quantity  R,  and  these 
seven  formulas  give  us  all  the  essential  relations  for  detprmining 
the  economic  policy  to  be  pursued  for  any  given  conditions 
from  which   the  values  of   the  eight   factors  can   be   determined. 

Several  of  these  may  be  taken  as  standard,  while  two,  namely, 
thp  practicable  net  load  and  the  distance  of  haul,  will  vary  with 
the  nature  of  the  work  and   the  hourly  conditions  on  the  work. 

To  make  proper  comparimmH  between  an  automobile  truck  and 
other  tneana  of  tran"  porta  lion,  the  cost  curves  for  each  method 
should  be  plotted   and   the  costs  thus  readily  be  estimated. 

Motor  trucks  vary  in  price  from  aliout  $1,000  for  a  half-ton 
delivery  wa^n  to  about  $(t,500  for  a  I'A-ton  truck.  . 

The  prices  of  several  makes  of  trucks  are  given  as  follows: 

Price 
Oapsdly  f.  o.  b  Clevelaod 

V  ton  chBHii,   weight  Z.BW   lb %2.m 

%  ion  comiilele,  with  eiprpse  bods  2.675 

■2      Ion  chauis.    weight    4150   lb 1,300 

Z     Ion  compMc,    wUh  eipmis  body 3,«no 

2      ton  (Ompleip,    with    platform    liody    S.^SH 

Z     ton  power  damp  Iruck,   with  body 3.900 

3!i  ton  i-baBsiB.    weight    7,7S0    lb 4,W0 

34  Ion  coDiplote,    with    plaKorni    body    1,li7B 

SVi  ton  power    dump    tnirk.    with    body,    weight    10,225    lb.  4.!)nD 

fi      ton  rhaaiii,    weight  7,92S  lb, 5.000 

R      Ino  romplM.    with    pisiform    horty 5,275 

5      (on  power  dump  truck,  with  body,  weight  10,470  lb.    ..  5,600 


Another   make   is  as   follows:      (Prices   f»r   chassis.) 
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l!ilon  iznw  f.o.t).  Ohio 

2     tnn  3IM 

aw  ton      (I'M 

3(4  tnu  short    wbtelbasn «W  •' 

t     Ion     'i\V.l'."'."y.\\'.'.'.\\\\'.\'.'.]'.\'.'M\V.\\V.'.'.'.\  BMO  " 

Truck  of  another  make  costa  as  follons: 

Hi  ton  chawU    JSOmto.b.  Ohio 


Another  make  costs  as  followH,  f.  o.  b.  New  Tork: 

Capspity  Shipping  w«i(hl  Price 

G  Inn  chsuii                                  S.M>  |SGI» 

6  ton  liody                                      2,fX>  850 

Z  Inn  irhHHsia                                  6,100  4300 

2  ton  bod;                                      1,500  EGO 

The  prii'ea  for  the  bodies  include  the  hoist  and  power  take-oft 
arrangements  necessary  to  operate  them. 

Prices  as  given  are  uaiiallj'  for  the  chassis  aiofe  and  do  not 
ineluip  the  body,  whiuh  latter  may  be  had  in  a  variety  of  forms 
at  little  above  actual  codt.  Some  typen  of  body  arc  very  in- 
geniniiKly  deRigned  and  the  remniiible  body  is  of  esppciai  interest. 
Thin  is  mode  separate  and  of  a  size  to  suit  the  work  it  has  to 
perform,  and  is  mounted  on  rollers  and  can  be  removed  from  the 
chassi'4  and  rolled  onto  a  hand  truck  or  other  support  and  while 
it  lA  being  loaded  or  unloaded  the  cliaasi-i  is  performing  its  work 
with  ani)lher  l>ody  of  tlie  same  type.  Tliis  is  very  valuablp  on 
short  hauls,  or  where  malprial  which  is  difficult  to  handle  ia  being 
carried,  where  the  loading  charge  would  be  a  large  part  of  the 
totaj. 

A  make  of  standard  straght  side  dump  bodies  built  for  any 
motor  truck,  trailer,  semi  trailer,  wagon  "or  railroad  car  gear 
which  dumps  automat i<<Bl]y  by  gravity  and  discharges  the  load 
clear  of  the  wheels,  costs  f.  o.  h,  Chicago,  as  follows: 


0Bp(u:lt7 


i^b. 


Body   Center  divisioi 

450 
81  la'iO  475 


3  M  IWO  t  425  »0  fUG 

2%  em  1^  450  30  130 
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Sectional  Side  Domp  Bodies,  the  hopperH  of  which  operitte 
independently  of  one  another,  allowing  mixed  loftda  to  be  carried 
aiid  dumped  at  separate  points,  are  as  follows:  (The  capacltiea 
shown  are  total  capaoities  and  prices  are  for  complete  ouUlts.) 


Total  cap. 


Thi«, 


Fig.  231.    Standard  ftiae  Uuiup  Body. 


Fig.  232.    Sectional  Side  Dump  Body. 
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Tliree-Way  Dump  Body  which  will  dump  to  either  aide  bj 
gravity  and  aJeo  endwise  by  meana  of  a  hoist,  either  band  or 
hydrauiic,  is  as  fottowe: 

Ospatity  in  WeiBbt  Price 

CD.  fd.  Id  lb.  Bound  botlom  Flat  botMB 


Fig.  233.    Standard  Automatic  End  Dump  Body. 


Automatlo  End  Dnmp  Bodies,  the  dumping  being  controlled  by 

a  worm  and  gear  op«rating  mechaniam,  allowing  the  load  to  be 
dumped  taat  or  slowly  as  required,  cost  as  follows; 


C»pacity 


Wnieht 
inH. 
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A  truck  body  that  elevates  to  a  "  tailgate  height "  of  from 
7  tt.  3  in.,  to  8  ft.  6  it!.,  and  then  {iiimpii,  ia  operated  by  an  8  inch 
liytlraulic  hoist.     The  following  data  apply; 


GK  to  7  6900  3225 

The  maximum  height  that  the  tailgate  may  be  raised  above  the 
ground  depends  on  the  wheetbase  of  the  truck  on  which  it  is 
mounted.  For  most  trucks  of  13^  ft.  wheelbase  this  distance 
is  TH  ft.  and  with  a  15  ft,  wheelt»se,  8^  ft.  These  elevations 
ot  the  tailgate  give  the  body  sufficient  slope  to  cause  hard  coal  or 
any  other  similar  material  to  slide  to  the  rear  and  out  through 
a  chute.  A  slope  of  50%  which  givee  a  tailgate  height  of 
about  6*fy  ft.  is  suitable  for  a  clean  dump  of  any  adhesive 
material. 

Hoist  for  Ihunp  Bodies.  A  hoint  that  will  raise  a  load  of  from 
1  to  8  tons  to  an  aJigle  of  from  35  to  50  degrees,  and  is  operated 


Fig.  234.     Hydraulic  Hoist  Body. 


by  one  roan,  furnished  complete  for  mount{n<;  on  any  truck 
chassis  costs  $126  f.  o.  b.  Kan«a«  City.  Mo.  This  hoist  can  also 
be  used  with  a  commercial  wood  body  by  uairig  rear  dump  bed 
hinges  with  a  cross  rod  at  an  additional  price  of  $1170.  The 
approximate  shipping  weight  of  the  hoist  is  iOO  lb. 

All  Ketal  Dnnp  Beds,  cost  as  follows,  f.  o.  b.  Kansas  City, 
Mo.: 
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Diiconnts  to  apply  to  the  above  for  etriught  sides  35  — 10%, 
flare  aides  30  —  10%. 

Y&KDAOE  OF  Different  Materials  to  Nobmallt  Load  Tkpcks 

Commodity  to  be  Oapacity  of  Tmolt  (Tom) 

handled  1  lU       2^       3  S<A      i  S  S  7Vi 

A«h«i  at  Soft  Coal  ....  IK       2M       4K       Hi       6  7  8)t     lOU      13 

Brick.      Common  and 

H«rd  .«     a.    m 


K  LI  1.S  2<4  2.t  3     '  3K  414 

ig  2ii  4«  S!4  e  7  SS  lOg 

li  1«  J  314  *  4W  6  7 

-■  -  "■  3\         ■■  -  —  — 


Porlland   CemenI 

Cioders     

Clay,  dT7.  in  hi. ..  -.,  .„  .  ...  -  -,  - 

Coal;  Antlirscite   Hi  2  SU  3\  4U  5  W  7% 

Cosl,   Bituminoug   l3  2K,  3%  *Z  6!4  «  Hi  8*  ii 

CnnrrMf    Wm   W  «  H4  ]»  1*  2  2%  3  3\ 

Earth,   MoiBt,    Packed..    %  1.1  l.S  2U  2.6  3  3\  4H  EH 

OrHvel    «  .9  lU  1.8  2.2  214  3  414  4* 

UaMinry   Debris    S  1-4  2  21*  3  31i  (  G  614 

Sand.   Dry  and   8luli«n    %  1,1  1.8  2U  2.«  3  3%  4H  Sit 

CruBhed  Rock   8  .9  114  1.8  2.2  214  3  314  «i 

Cptshed    Oranite    S2  .8  1.3  ].S  J.g  2  2.«  3.2  4% 

Mr,  Charles  L.  Gow,  in  a  paper  read  before  the  Boston  Societj 
of  Civil  Engineera,  cites  an  instance  where  the  5H-inile  road 
from  tha  railroad  to  the  work  was  in  such  bad  condition  and 
of  such  steep  grades  that  2-horae  and  sometimes  4-horBe  wa<rons 
were  unable  to  make  more  than  two  trips  per  day,  carrying  3,000 
pounds.  A  Btcam  traction  engine  failed  of  greater  success  on 
account  of  the  had  roads  and  because  tbe  steep  grades  going  up 
hill  caused  the  steam  dome  to  be  Hooded  and  going  down  caused 
tbe  crown  sheet  to  be  uncovered.  A  gasoline  traction  ensine 
failed  because  of  the  presence  of  sandy  patches  in  the  road  which 
destroyed  the  tractive  force  of  the  wheels.  A  2-ton  38.5  horse- 
power automobile  truck  was  introduced  with  great  success. 
making  six  trips  per  day  over  a  longer  but  better  road.  However, 
the  use  of  tbe  truck  on  the  steep,  icy  roads  became  too  dangerous 
and  was  stopped  during  tbe  winter.  Mr,  Oow  says:  "  It  is 
highly  probable  that  had  two  of  these  trucks  been  purchased  at 
the  heginning  of  the  work  great  saving  would  have  beeD  effected 
in  the  cost  of  handling  materials." 

Forbes  ft  Wallaee  put  a  gasoline  machine  in  service  May  1, 
1000,  to  deliver  bundles  from  their  d^artment  stoce.  Tha  result 
of  eight  months'  use  is  as  follows: 
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Eiwnse   Incli.dinic  BtorajiP.   oil.    parH   and   l.bor 

:'::::::«^ 

■.j^t,, 

". ', !  .tl.JTS.CO 

Depreciation,  331^%  per  anhum.  Cost  of  delivering  bundles  bj 
Butoinobile,  6i^&  bj  horse,  9%,(,e.  ^  ,      ,       , 

Four  Overland  delivery  cara  were  used  by  thp  United  States 
Mail  Sen'i«  nt  IndianapoliK  tor  eighteen  mgntliB-  Each  car 
replaisd  three  hoTBe-drivpn  wagons  and  covered  sixty  to  seventy- 
five  miles  a  day, 

Durina  the  winter  of  1910  in  New  Vork  City  a  motor  truck 
carried  ten  cubic  yards  of  snow,  as  compared  with  five,  cubic 
ytirde  carried  by  an  ordinary  contractor's  WHgOD.  The  return 
trip  from  the  uiiloadinir  point  to  th«  dock  took  the  npotor  truck 
on  on  average  forty  minutes,  while  the  bent  record  trip  with 
a  two-horue  truck  was  one  hour  aad-  twenty  minutes.  At  'the 
rate  of  36  cents  per  cubic  Jard,  the  Motor  truck  earned  $7 .80, 
while  the  best  of  its  horsp^^rawn  competitiors  earned  SI  BO.  A 
N'ew  York  contractor  hauls  heavy  stone  to  the  crusher  and  broken 
stone  away  from  it.  A  3-ton  motor  truck  in  one  and  a  half  days 
does  the  work  that  Sve  teams  took  two  days  to  accomplish- 
In  New  York  City  a  5-ton  irudi  delivered  963  tons  of  coal  in 
twenty-si)t  working  days  with  no  delay  from  breakdowns;  it  aver- 
aged tweaty-eight- miles  Pf.  day.  and  thirty-Hweit  tpna,  pw^iay. 
A  lQ<ton  truck  delivered  eigbty-;fp^r  Uiag  a,,day  aiod  coTeced  twp 
and, a  h^lf  mites  on  ea^h  gallon,. of  gasoline  .  .      . 

An  industrial  concern  on  St aten. .Island  used  one  S-ton.  gasqline 
truck,  one  3-horse  trurk  and  one  IJ-horse  truck  over  a.  round  trip 
of  twenty  miles.  The  horse-drawn  tj^cks.nude  one  trip  each  and 
the  cnotor  truck  two  trips  per  day.  The  3-holse  truck  hauled 
4Vi  tona  at  a  co^t  of  $1.0.03,  tlie  ^-hgrse  triick.baulod. three  tons 
at  a  co^t  of  $7^1. ,  The  motor  tiuok  hauled  six.tonn  at  a  coat 
of  $13.10.   '  ,    .     ■ 

The  Chicago  Public  Library  has  been  using  si\  1-ton  gasoline 
wagons  to  deliver  l^^s  to  their  tir^cbi^s.  .They  W«tb  installed 
in  Novembpr,  18p4,  and  tjiE.  following- atatement.  was.  estimated 
to   Apr\l,   IflOB.  .■,...■.:.. 


Is.::::::;:::;::::; 

;::;::;;  -gS 

Tow   

»in,s«.<!a 
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Average   milee   per   day,   33 ;    avera^   cost  per   ton    mile,   ISc 
This  Herviee  formeily  coat  20c  per  toD  mile  with  horse  ditn 
wagons. 

The  Manz  EogTaving  Company  replaced  four  double  leama 
one  3-toi>  truck  which  made  two  trips  daily  on  a  rouQd  tr 
more   than   fourteen   miles.     Five   gallons   of  gsaoliiie   were 

In  the  Boston  American  Economy  and  Reliability  contest,  held 
in  October,  1910,  for  motor  trucks,  the  cost  of  gasoline  and  cylirt 
dpr  oil  per  ton  mile  ranged  from  $0  0068  to  $0.0B02  and  for  tht 
twenty-eight  cars  tbe  average  was  SO  028,  with  gasoline  eoslin; 
16  cents  and  oil  costing  60  cents  per  gallon. 

Standard  speeds  for  motor  trucks  were  formally  adopted  at 
convention  of  the  National  Association  of  Automobile  Manufar 
turers  held  In  1912.  Those  speeds,  as  reported  in  the  Fovn 
Wagon  of  Chicago  are  as  follows: 

Load  Mile*  Loud  1 

Bitjni .  [Mr  Hour         Bating  pei 

%lon    M  4Hton   

1        " I»  E       ■*       

1%    "       M  •       ■'       

a     ■'  ..13  7  •■  

Hi"  12  s  "  

s     "  .,11  e  " 

Hi" 10%  lo  ■•  


TypM  of  Tmcka.    There  are  several  types  of  motor  dump  trur):« 
for  use  by  contractors  and  others  who  handle  material  in  bu" 
These  trucks  are  so  made  that  the  body,  together  with  its  load 
from  three  to  ten  tons,  can  he  raised  at  the  front  end  and  t\r 
load  slid  out  or  else  raised  vertically  to  a  sufficient  height 
permit  chutes  to  be  used.    One  of  these  trucks  has  a  body  that 
raised  at  the  front  end  by  a  pair  of  chains  moved  by  a  train  <i 
gears  driven  from  the  transmission  set  of  the  truck.    Another  if 
similarly  operated,  except  that  the  chains  are  wound  up  on  tlir 
drums,   which    are   worm    driven    from    the    primary    shaft    jns! 
back  of  the  clutch. 

There  is  also  a  dump  truck  that  is  operated  by  compreasd 
air.  A  valve  on  the  dash  is  opened  to  admit  compressed  air 
a  long  vertical  steel  cylinder  behind  the  seat.  This  raises 
plunger  whose  rod  ia  connected  to  the  top  of  the  front  end  o\ 
the  body,  thus  hoisting  the  body  with  the  load.  Releasing  tt 
air  from  the  cylinder  allows  the  body  to  settle  back  to  nonnil 
position.  The  compressor  ia  operated  by  the  vehicle  engine 
A  new  and  valuable  feature  of  some  of  the  dump  trucks  are  th' 
automatic  tail  boards  with  which  they  are  equipped.     These  w 
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hung  on  trunuious  at  tbe  tup  and  so  connected  to  a  STsteoi  of 
toggle  arms  at  the  lower  corners  tliat  they  op«t  automatically 
as  the  front  end  of  the  bodj'  is  elevated,  thus  enabling  the 
driver  to  dump  the  load  without  leaving  his  eeat.  Upon  lower- 
ing the  bod;  the  tail  board  closes  and  is  locked  into  position. 
Coiti  of  Motor  Tmek  Openitloa.  The  following  table  is  from 
t'ttgineerUig  tand  Contracting,  Jan.  17,  1917. 

Operating  Costs : 


714  law  Sm  .0GB 

The  above  table  has  been  computed  on  the  basis  of: 

Interest  on  half  total  investment  of  G%. 

Fire  inaurance  at  2%  on  S0%  of  total  investment. 

Fixed  dq>reciation  exclusive  of  tires  at  10%. 

300  working  days  per  year. 

30  miles  per  day. 

0,000  miles  per  year. 

100,000  miles  lite  of  truck. 

25  cl.  per  gal.  cost  of  gasoline. 

60  ct.  per  gai.  cost  of  .lubricating  oil. 

$20  per  month  wages. 

!|;20  per  month  garage  cliarges. 

The  following  notes  appeared  in  Engineering  and  Contracting, 
Oct.   13,  1916. 

First  Cosi.— The  first  cost  varies  with  the  kind  of  body,  the 
general  finish,  the  appurtenances  and  other  items.  A  very  general 
Hgure  for  the  cost  of  different  trucks  is  given  in  Table  I. 

Table  I. —  Fibst  Cobt  of  Motob  Trucks  for  Kh^fusg  Collection 

Bated  capseltf .  Oust  ol  track, 

lou.  oomirtMc. 

1    B,«0o 

t a,«o 

3     4.200 


.    G.OOO 
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Op»rafinf  'CostB:-~-'ihe  coai  of  Dpera^n^  Tariee  conflidenblj 
IraU'  one  liwalit^  to  ahotfasr.  -!ik>lne  generarilata'Br«'aTailabU 
Table  II  gives  the  mBirufaetuTcrH''  «etiinate  of  the  daily  cost  o 
operation,  based  on  a  travel  of  40  tttiks  per  day.' 

Table  II.—  Cosi  op  OPKOATisfl  d^atwuK  T^ubkb  Srta  Dat  o 

40  MttES  Tbavsi.. . , ■  .    *  ,.. 

toas.  Cost  per  day. 


B 11.00 

ft     ,.i ..     1175 

7     / 12.6» 

These  figures,  of  courge,  are  wily  approximate.  They  includi 
all  ciiaj^a,  both  fixed  and  operating. 

The  Electrical  World  bai  compiled  operating  costs  for  electrii 
motor  trueks  in  commercial  service  from  .lO  plants  taken  from  al 
parts  of  the  United  States.  The  costs  include  interest,  ^epreoii 
tion,  insurance,  licenses,  upkeep  of  tires,  batteries,  .ntechanica. 
parts,  power,  supplies,  garage  thargea,  dj'ivers'  wages  .and  supot 
virion.     The  ds,ifj,  miJeage-  is  not  recorded  but  the  'tott^coat  pe 

day  is  as  followH  foT>>thf,  variD>ua>.sizes<a[  trHcku 

Baled  capacity,  ...•:■     ^,gf  j^^  ^^gj 

tons.  "       '  !' per  day. 

0.&     1. i.lB.Bil       ■ 

1.0     '. 7.Ba 

U     8.92 

3.5 10.»8 

■M ..,.......,,    11.74 

These  are  quite  representative  figures,  arid  are  only  alightl; 
higher  than  the  manufacturers'  coat. 

A  study  of  a  number^Df  records  inditat'es  that  the  daily  i 
age  of  trucks  will  range  from  25  to  40.  A  mileage  of  30  miles 
day  would  give  the  following  appfoximate  costs  per  t<^  mile,  < 
puted  from  the  average  manufacturer's  figures; 

Table  II  [. —  Total  Cost  op  OPEaATiso  Moroa  Trucks  per 

,-      .  .  TOH-Miu: 

Rated  cRpncttj'.  ton-mlle.lnclud- 
Vma.  ing  fixed  tharges. 
1     ».^ 
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The  Chicago  CivilServiae.  Cotnmissioii,  After  an  axtolided  atudf, 
found  the  operating  coet  oi  a  Srton  gaaoliaB  itruek  to  be  90.13  ft 
ton  mile.'.  A  3-toii  eleatric-  trucks  toat  $0.11  p<ir  tort  mile  with 
ciirreDt  at  -0.6111.  pw  kilowatt>-lioiii'. .'  Thid  i»  a  .re^'low  coet^fof 
electric  jiowali   ■  ,  r  .!  n  .  ...■  ■  .>      r      .•■•,!      i 

The  Avtomobile  >Cliniab«(rt  of  Commenie/iafter  oompiUng  •larg* 
number  of  cmt.data  for  coBiiiiefonil.  vehieiti  of  varimn  sizM,  ar- 
rived at  an  average  ooHt. . of  0{)evatiaD,:iiiiG)nding  ^fb)ed..cIiaT^a, 
of  $0.11  per  ton  mile. 

The  Department  of  Public  Worka  in  Chicago,  uses  a  3-toa  and  a 
2-ton  gasoline  truck  for  delivering  materials  befWCen  city  yards 
and  cohatruction  jobs.  T!ie  average  coat  of  operating  the  5-ton 
truck  irtta  13  ct.  per  ton  mile.  The  coat  of  operating  the  2-ton 
truck  varied  from,  14  .tO;  32  lit.  ^r.hsu  mile.  .The  cMt.by^  tCfOOB 
under  contract  waa  26.0  ct.  per  ton  mite.  These  coBte  n»i«,froiii 
actual  service  records  duriag  the.  last  siK  numtbs.frf  1914  .And 
include  lii;e4ebargeB  aifd  all  other.  Foata.  ..    ,,,,,. .,.'- 

Xhes0  figu^fis  are  fjoBK  Liuck  opfraA)on.o4lr,^nd  do  not  inclnde 
the  wa^es  :uE  helpera  for  loading  in  colletqtioa  service.  ... 
.  A  stijdj  of  the  eoit,  o!  opi»rat<^ '.indioates..  that  the  find 
charge  amoiint  to  fbout,5S%,,<af  tke  tptol  cost.  liie.pover  aoit 
is  gfaf;«lly„)e8s.;tlian.  lQ%.p{  tlie  ^total.  .Consequeutlf :  tke.choiof 
i)f,tw(*rt igHSRliijf  Biul.uleclrit,  tl-ijtk^idtfta.not  depeod  wholljIi'Upoil 
the.poyer, item,, but, ^|ith«r  ,upQp -siwcuil  local.'cooditioiut 

C,o«tract«rs' ;  CMti  ,pf,„XanUiii[.  Bluted  <  Bpok-.  iThe  i  folh>wing 
(la^  l^i^ut.  lOia)  on, niotpr,, truck  work^. h«i>Jing.bl«£ted..Took 
u-ere  furnisUed  by  .(.hf.  Cltarlefl  V,.i  BolHn.iJ.  Coq],i»Bo;i  engineeni  and 
contractors  of  Tro^,  N,.,Y- .  XJ>P  coa|ywL-t  ciJled  for  Uie,'exi»v«tiaa 
Hnd  removaj.  of .  23.,p00  quhic  ji^rdBr^pC .  r<»>l('  ^  Hie  rock,  wbbl  blasted 
and  .h«ul«l  .1(1  two  3-tqn„(r«cVa.,  .TJwienWjepc  .equipped' with 
patent .  dwrppinK  bodies  anfl'  tpWfi  W«L-ooiitinw>Ha!y,  day.  and 
night  shifts.  The  excavated  material  was  hauled  in  soms.  IMM 
a  dUtftn«.«^ftH^  a«d;»j)iatf  «ilirs.  ifTtii;M«ofdB!ftto».tJi*t-thBse 
truck^  lurried  at>out  twjc^  t^e.amimnt  ^uqually  Jiau|«d  itf.A  IMf- 
cubie  yard  dump  wagon  and  made  the  trip  to  the  dun^iinf 
groifiid,  and:):ftufn,in  jwst  V'/..the:J)ipe,.r«qHiiMd.  for  tt.Utw  to 
mak^.it.;  E^pn-ie^ce  proved,, t)iat,4t  ww.  necessary  to  keep  , tie 
tfucks  coDtpuplitiFy .  on  the  mnv^  i|i  .4nJi«r,.  tAiiiFcrk  lUiemiMD- 
nomicajty,  fnd  v,i(h:,thip.  "deai.iin  mMvl  larseiateel  .bottoB*  dump 
liuckets.  wer«  use4  .in  ^.qading  tt\e  trvck»:  ,bUus  no  timeiAtiui:  lost 
in  .loading,  AS  severalbuckf^a.  w«Ta,,full  .at  nU  times  sad  the 
operation,  of . reloading  the  trucks  Loofc  onJy  the  ,tmm  r«4uiMd  to 
hoist  ithe  buckets  ovpr  the  UWQlfa^   fThe  adtuaJ  himding  iOper«tfa>D 

re<|ui;;ed  l^ut,  f  few  roinutes^i,,.. .j„,i   .,.- '  ii.i  ■„' i    i, 

In  the  hauling  of  niaferiialp  {[om.  fhe  Ireight  house^to  the  huiU- 
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ing  Bite,  the  recorda  show  that  h&uling  wment  coat  about  I'; 
eeutg  per  bag,  or  30  oentB  per  n«t  ton.  Eighty  bags  were  cu- 
ried  cmi  each  trip  and  eight  trips  were  required  to  unload  a  ei' 
containing  S40  bags.  Increased  ffficfency  was  obtained  by  baTin: 
at  least  six  laborers  to  do  the  loading,  as  little  time  is  lost  < 
the  loading  force  i*  large  enough.  The  avc:sge  record  of  etii 
car  <rf  cenmit  from  the  freight  house  to  the  site  of  operationi 
a  dietance  oi  abaiit  1^  miles,  waa  as  follows: 

e  Lmboiem.  «  bn.  each  daj.  st  Ite 16.76 

1  Cbialttar.  9  hn.  t«ch  day.   at  Ke    l.BO 


Perfpnutre   at    mulatenaDce   rhsrice 1.00 

Total    tS.Sl 

Befenfing  to  their  experience  on  this  work  the  eontrft^rtors  w 
as  followB; 

In  the  care  of  an  automobile  trucic,  our  experimce  has  taugl 
us  that  it  ie  economicHl  to  keep  ever;  part  well  lubricated 
all  times.  A  cheap  or  an  inferior  grade  of  oil  should  not  be  usa 
as  the  carbon  forming  qualities  of  a  cheap  oil  more  than  offa 
the  Having  in  the  price.  Where  more  than  one  truck  is  in 
least  one  cbauiTeur  Bhould  be  employed  who  is  a  thorouglil 
practical  man.  Thin  will  enable  one  to  have  each  truck  (».refult 
looked  over  each  day  and  any  disarrangement  corrected  befw 
damage  is  done.  We  have  had  little  or  no  trouble  with  th(< 
tmcks.  The  main  expense  in  connection  With  the  maintensii' 
of  the  trucks  is  the  wear  and  tear  on  tires.  We  are  now  usit 
a  wire  mesh  tire  made  by  the  Diamond  Rubber  Company  whli 
seems  to  'give  us  good  service.  The  company  referred  to  ssH 
th«te  tires  on  a  guaranteed  mileage  basis,  and  if  renewals 
necessary  before  the  mileage  is  wwapleted,  a  replaeement  is  n 
by  them  and  an  adjustment  made  on  the  basis  of  the  mileK. 
obtained. 

Operating  Ooit  of  Motor  Trnok  Ik  DellTeiiBg  Sand  and  Gran 
The   following   is   from    Engin^eHng   and   Contmcting,   Mar. 
1917: 

■  'A'Pseiflc  Coast  sand  and  gravel  company  is  using  r  5- 
truck  for  delivering  sand  and  gravel.  The  material  la  nei 
always  nixed  and  usually  is  quite  wet.  It  runs  4  yd.  to  1^ 
load  an4  3,400  lb.  to  the  yard,  and  is  hauled  over  country  rot: 
of  various  kinds,  about  equally  divided  between  gravel  and  dir 
There  are  many  hills,  some  of  them  quite  steep,  necessitating  goir; 
in  flrst  and  second  gbats.  Most  of  the  trucking;  was  tor  deliverir. 
frravel  on  county  roads,  and  spreading  it  with  the  attachncs 
on  the  truck.  The  following  operating  costs,  furnished  by  t': 
oMnpaoy,  cover  a  3-months  period  last  year: 
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ATarue  diit*Dee  of  dcUrarr,  mllea  6.1 

Oat  pet  y»rt  mil*  lO.lllGG 

Ooit  p«r  Ma  mU«  .OSll 

TnM    miloce    IfiW 

Y»rdB  dsllTBred    B.190 

WeiEbt  of  fr«»el.  1  yd.,  lb !,«0 

YnS  mile*  hanlnd  ..  1B,I*» 

Ton  mike  haoled    S,t3S 

Uethod  of  flcuHni: 
Miles  per  day       Ti'da        ymrd< 


The  truck  was  new  litBt  year.  The  driver  was  paid  for  an 
extra  hour  each  day  the  truck  was  operated.  Thia  extra  time  he 
put  Id  screwing  down  th»  grease  cupa  and'  inspecting'  parte  on 
the  truck.  The  driver  wae,  therefore,  held  responsible  for  any- 
thing happening  that  could  have  been  prevented  hy  his  inspection. 
In  several  inatoncee  he  diacovered  that  there  was  a  loose  nut, 
misHing  bolt,  cup  gone  or  something  of  minor  importance,  which 
if  neglected  might  cause  tost  time  and  more  or  lees  expense. 

These  things  were  immediately  attended  to  and  as  a  conse- 
quence no  time  was  lost  on  account  of  trutk  trouble. 

The  following  data  on  hauling  with  motor  trucks  are  from  a 
1&20  issue  of  The  Commercial  Car  Journal: 

R.  H.  Gumz,  paving  contractor  in  Milwaukee,  paid  91.60  per 
cu.  yd.  for  hauling  concrete  aggregatee  S^^  miles  from  the  pit 
to  the  job.  The  trucks  hauled  5  cu.  yd.  to  tiie  load  and  usually 
made  aix  tripe  »  day.  The  cost  of  hauling  ecgregalee  this 
distance  by  team  would  have  amounted  to  nearly  twice  that  price, 
even  if  teams  could  have  been  secured  at  $1  an  hour. 

During  the  construction  of  the  Beloit-Janeeville  road  in  southern 
VViscMisin,  the  contractor  paid  for  the  delivery  of  aggregates  as 
follows : 

tl.lO  per  ca.  yd.  on  t  ^  to  tM-milc  bunt: 

UW  per  ea.  yd.  on  >  3  M  3Vt-inlle  biiul;  and 
,90  per  ca,  yd.  an  h  2  M  3-mile  haul. 

The  Atwood-Davis  Gand  i.  Gravel  Co.,.  from  whom  the  aggre- 
gatea  were  bought,  delivered  them  on  the  job  for  the  above  prices, 
using  three  trucks,  two  trucks  hauling  40  en.  yd,  per  day  and  one 
truck  hauling  24  cu.  yd.  per  day. 

The  following  tabtea  show  the  cost  of  hauling  aggregates  on 
a  highway  job  in  Luce  county,  Michigan,  under  con  struct  ion 
during  tlie  snauDer  of  1SI8.  Two  fi-ton  trucks  were  used.  The 
interest  on  truck  investment  wae  taken  at  S%  per  year,  and  no 
insurance  was  included: 
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The  ihsrgBB  tor  truck  No.  1  were: 

Depraciation,   100,009  ihUm   (truck  T»lue  minue  tires)  '..(  25Bi6 

Tottl  w«g«8  of  driver 319.7* 

OasoUne,   1,377  gsl.  at  25  cl '....  3tiM 

Lubricating  oiLllT  gal.  at  E6  it «B.E8 

Hard  oil   128.5  lb.    at   «  «t , 7.71 

Waale,  W  lb.  at  20  cl ..,.,, I.pjt 

Tire  depreciation,  S,3K  milce  at  S  et. U9.48 

Kepaire  alii  leuewslB    UO.OO 

Total   operating   chargog    tt3III.8S 

Filed  cliargeB  (iQlerest) BSS.OO 

,.      ,      '  11,803.86 

Amrage  baul  in  milea   ...'. 5.U 

Number  of  jards  bauled 1.S63.00 

Telal.  Duiuber  rai;d  miin  performed,  lO,Sil  — , tOJ5G  rd.  mile 

Total  Diimber  ton  i^b  pc^FormeJ.  16,481  :.. .'(1.104  ton  mile 

Tbe  cbarxea  fon  tt;ucl^  Si-  2  sere:, 

DeprecUliOD,  100,000  miles   (truck  value  miqua  tlrea)     -t  231.40 

Tolal    wages   of    driver    »TtK» 

Qwoliile.   1,225  gal.  at  25  ct.   ,..!.:.•.  .....a- .,<.  308.TB 

Lubrlcatiog  oile.  Ill  gal.  at  6^  ct SS.SS 

Hard  oils,   128.5  lb.  at  B  ct ■....:.... 4.08 

Waate.    JLS.  lb.    at  .20   ct.    4.10 

Tiro  depreciation  at  3  ct.  per  mile  14a.)S 

Repaira 'and  reiieit'als    .-■. : 131.00 

Total   operating  chargoa    -...' n,199.70 

Fixed  .cbaneB    (i»MiMl)     888.00 

■  ■   «,J87.7a 

ArTtragti ibanl  in  mike  ,..i p ...-.    '   K54 

Number    of  yards    bauled     l,7S0.Oa 

TOiarhu'iiit.or  of  yard  mUcB  pertermefl,  ».8fl1  ...:. ,10.151  yd.'mile 
Total  nHnllKe:of  ton  mile  perfornijed,  )4,731  ...' OJOl  ton  niU* 

The  TOst  of  hauling  a^regates  by  motor  truelt  f6r  tte  conatmc- 
tioti  of  a  one-eourae  concrete  rbati  tn  JVllen  coUnty;  Tndiaita,  was 
$0,011  per  aij.  yd.  of  pavement.'  The  hauling  Ik'aB  done  with  3  and 
i-lon  tnitks,  the  average  length  of  hattl  being  1.7  miles:  Tlie 
niaterials  we>e  loaded'  mechanically  at  a  cent  of  apprOxlTHat^lT 
1>  ct.  per  cubic  yard,  the  actual  cost  of  hauling  being  42  Ct.  per 
cubic  yard. 

A  saving  of  about  $1,000  per  mile  was  effected  by  Itasca  county, 
Minnesota,  by  using  motor  truclis  instead  of  teams  tor  hauling 
MaterialB  <m  the  construction  of  the  CVsnd  KSplds-DuIuth  high- 
way in  the  fall  of  11)18.  Two  motoi'  trucks  of  5  cu.  yd.  capacity 
and  three  of  3  cu.  yd.  Capaefty  Were  taa*d.  Figuring  in  all  ei- 
pensea  for  operation  of  trucks,  and  Ihcluding  depreciation  and 
interegf,  garage  charges,  repairs  and  overbawling  on  coraplction  of 
the  work,  it  was  found  that  the  cost  of  hauling  was  $115  per 
yard,  the  average  hanling  Wing  3  Yniles.  If  the  hanling  had  been 
done  hy  teams,  the  toet  ■(njuld  h»ve  been  -very  'iwar  to  82  per 


MOTOR  TRUCKS  B2S 

cubic  ytri  and  th*  cost  of  the  road  would  have  been  incTMaed  b; 
$1,000  per  mile. 

During  Uie  construction  of  the  BelaiT  rosd  of  the  Maryland 
State  Highway  CommiBBioD,  in  the  spring  of  191B,  wet  concrete 
was  delivered  frtHn  a  central  cruahing  and  mixing  plant  to  the 
road  Hurface  bj  motor  truck  over  hauls  ranging  from  14  to  4 
mi  lea.  Extensive  rehandling  of  material  a  was  thus  diapenaed 
with  and  the  cost  of  the  work  reduced.  In  spite  of  the  length 
of  the  haul,  there  was  no  apparent  injury  to  the  quality  of  the 
concrete  toixture.  Ae  there  was  excellent  stone  in  the  hills  adja- 
cent to  the  road,  a  location  waa  selected  about  midway  on  the 
contract,  a  quarry  opened  and  a  crushing  and  mixing  plant  In- 
stalled. A  3  ft.  atrip  of  concrete  8  incheB  thick  was  built  on 
each  side  of  the  macadam  road.  The  mixed  concrete  wa«  dumped 
from  the  trudcs  upon  the  aurface  of  the  old  road  and  shoveled  into 
the  forms  at  the  aidfe.  Forty  cubic  yd.  of  concrete  were  placed 
per  day,  the  average  cost  of  hauling  being  S1.78  per  cu.  yd. 

Coat  of  OperatliiK  Trnek  and  Trailer.  The  following  appeared 
in  Engiiierring  Nevis  Record,  Nov.  2B,  lOH. 

A  teat  waa  made  recently  at  Kenosha,  Wi.i.,  to  determine  the 
posaible  saving  in  the  use  of  a  four-wheel  drive,  brake  and  steer 
motor  dump  truck  with  trsiterB  for  hauling  material  2.7  mi. 
from  railroad  car«  in  connection  with  the  building  of  a  concrete 
road.  At  the  time  of  the  test  the  work  was  being  done  by  mules 
and  wagons,  at  a  coat  of  from  $54  to  $60  per  day.  With  the 
motor  ontBt  it  is  asserted  that  a  saving  of  $35  per  day  wtta 
effected. 

Using  the  mules  or  horses  with  ll^-yd.  Bain  patent  damp  wag- 
ons four  trips  per  day  were  being  made.  The  charge  was  88  for 
team,  wagon  and  driver.  Hence  the  cost  per  cubie  yard  of  ma- 
terial hauled  was  $1.  The  contractor  ueaally  employed  nine 
or  ten  extra  teams  for  this  work.  About  8,000  cu.  yd.  of  material 
to  the  mile  bad  to  he  hanled.  For  the  stretch  over  which  the 
teat  was  made  half  the  distance  was  good  concrete  road,  while 
about  ^  mi.  waa  loose  aand. 

After  several  teat  trips  with  the  motor  equipment  it  was 
found  that  the  best  results  were  obtained  by  using  four  trailera, 
leaving  two  at  the  team  trark  to  be  loaded  while  the  others 
were  being  hauled;  hiring  enough  extra  shovelers  at  the  team 
track  to  keep  the  xpccially  devised  8-yd.  hopper  full  for  the  arrival 
of  empty  trailers;  using  one  of  the  teams  on  the  job  to  reverse 
the  trailers  while  the  truck  was  being  turned  around  at  the 
construction  end,  and  letting  the  driver  do  nothing  else  but  drive. 
Under  these  conditiona  it  was  found  possible,  with  liberal  allow- 
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Knees  for  delsfe,  to  nukke  the  time  indicated  under  .the  table 
"Time  Required  for  Round  Trip." 

Time  Required  fob  Rousd  Tmp 

IWm.  Time. 

Time  to  load  (ruck  1  mla.    D  aec 

Time  ta  pick  up  loaded  IraiLeia  ,..,,..  0  min.  tE  tee. 

EuDOiug  lime  lo  job   22  min.  IE  sec. 

Time  to  dump  truck   and   trailera^  turn  tfsllera 

uound,  Tcvcrao  tiuck  and  coupl«  up  w«ui ...  t  min.  15  aec. 

Running  bme  (o  team  track,  empty  Ifi  min.  16  sec, 

ToUl    ^ BO  min.    0  >ec. 

Summarized  Combined' Costs  of  Teuck  asd  Trailkbs 

Piled  coBlB  per  dayi 

Trucka    U17 

Trailers    0,8g 

Total    W.05 


Truck     10.S6eenla 

ToUl   UJS  cents 

At  this  r«te  twelve  round  trips  per  10-hr.  day  can  be  made. 

The  truck  was  a  "  CJuad,"  furnished  by  the  Thomas  B.  Jeffery 
Company,  of  Kenosha,  Wis.,  which  company  conducted  the  test 
and  gave  the  results  in  a  copyrighted  pamphlet  from  which  the 
foregoing  was  abstracted.     The   contractor   was   George   Wade. 

The  foUowing  article  appeared  in  Engineering  and  Contracting 
issue  of  Jan.  I,  1919. 

In  maiiitatniog  county  roads  in  the  vicinity  of  Denver  the 
Colorado  Highway  Department  is  employing  a  tractor,  trucks, 
and  a  sand  elevator,  screen  and  loader.  The.  complete  outRt  c 
aists  of  the  following;  One  C.  L.  Best  caterpillar  gas  tractor 
of  40-hp.  drawbar  capacity,  weight  28,000  lb.,  costing  $6,000; 
one  grader  with  ecariSer  and  blade  attachment,  costing  $S0O,  and 
two  light  drags;  2  White  5-toQ  trucks  and  a  Kelly- Spring  field 
5-ton  truck,  costing  $6,000  each;  and  ^  Gallioa  sand  elevator; 
screen  and  loader,  costing  $1,500. 

The  tractor,  grader  and  one  drag  are  generally  used  together 
and  can  be  operated  by  two  men.     if  the  work  is  simply  dragging,   , 
or  smoothing  with  the  grader,  a  distance  of  20  miles  might  b«   | 
covered ;   that  ia,  if  one  round  trip  is  made  they  would  cover   10   . 
miles  of  road;   if  two  round  trips  were  necessary,  then   5  miles 
of  road  would  be  covered.     The  latter  tignre  might  be  taken  as  an 
average  in  all  kinds  of  materials   for  the  dragging. 
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In  maay  places  it  is  neceeaary  t^i  scarifj'  the  surface' in  order 
to  reshape  it  and  Ttsoove  the  chuckholea  and  wavee.  Oft  vrork  of 
this  latter  claaa  the  tractor  sod  grader  are  used  veiy  success- 
fiiUr,  except  on  macadam  or  very  aolid  gravel  roads,  where 
it  ie  found  that  the  scarifier  is  too  light  and  it  iH  necessary  to 
nae  the  hoavy-toothed  scariSer.  On.  scarifying  and  reshaping  H 
haS'  heen  found  that  about  {^  -mile  per  day  Would  be  an  average 
doy'e  work. 

The  sum  of  $S0  per  day  han  been  taken  as  the  eosf  of  the 
operation    of    this    particular    outfit.     Tliis    flgnre  1»    obtained 

CiterpiUar  Irsctor,  expense  per  dn; : 

QsB  BDd  oil IIT.OO 

,   Maintenance    iM 

Operator    B.OO 

Daprecislion  (based  od  ssBumptian  ot  life  ot  i 
yeara  for  enilne  and  180  woiklns  da;i  ia  eadi 
rear)    S.BO 

H0.00 

Grader  and  scarifier,  eipenee  per  iay: 

Uainlenaoce    13.00 

Labor    1.60 

DaravciatloD  (bawd  on  IBO  working  days  per  fear)      IM 

tlO.(» 

Total    *».« 

Some  vneatUfaetory  features  should  be  notedi  Th^ '  trac- 
tor ia  very  heavy  aiul  an  uns^loyd  oq  many  of  tbe>  «jd  ,brid(ee. 
It  ia  unwieldy,  requiring  a  cross-road  interBection  or  a  fall 
■  width,ro8d  for  tuj;ning.  The  lighter  size  tractor  ot  KS-hp.  at -'the 
drawer  is  free  frqm,  these  objections,  and  will  do  most  of  the 
wor^.tlnit.cftn  be.  done  with  the  larger  size. 

,|n  caging., up  ^he  work  to  th&  various  rosdathe  folJowiof; 
lfae',t)eeii,  adopted;  .        . 

'  BjttienBe  fortlie  ye^:' 

■'   OiwrBtop,  10  hiODlhs,  M  HW ; ttWW 

Uslnteoaiice.  oil  snO.  laa E.OOO 

Deprecifllion,  25%  of  Qie  cost  ; 1,600 

Overhead  and  Incidental  900        ' 

■  Total"., ''W,W 

.     Tot:  1.89  working  days  this  equals  $30  per  day.     The  eharge  tor 
the  sand  elevator  and  loader  is  based  on  the  following:.  ■ 

Operator,  180  daya.  at  I3S0  ,...  t   SM 

Oae  and  oil  180  days,  at  ll.RO  470 

,  mp^ira  and  mainjioance 460 

D^preoistfon.  »>%"<if  coal  '.■ MO         ' 

.Ovtrhead,  Ubor.  taama  and  incidentals  E,860 

,  Twat H.S0O 


528        HANDBOOK  OF  CONBTEUCTION  EQUIPMENT 

For  180  w<wkiiig  dajs  this  equals  926  per  daj,  and  tbia  rote  is 
charged  to  the  road  upon  wbii-h  the  work  is  being  done. 

The  following  is  from  E-aginterntg  and  Contracting,  Apr.  2, 
1019. 

The  coat  of  hauling  with  motor  trucks  in  highway  work  in 
1018  in  Luce  County,  Michigan,  averaged  about  10  ct  p«r  ton 
mile.  Tno  5-ton  White  trucks  were  employed'.  The  interest  on 
the  truck  investment  was  taken  at  6%  per  year  and  amounted 
to  »2R8  for  each  truck.  There  was  no  insurance.  The  charges 
for  Truck  No.   1  were  as  follows: 

Depreciation  lOII.Ooa  mile*  (track  ralat  miniu  tlr«t) t  S55.lt 

Totil  wagei  of  driTst SW.7* 

Giaolioe.  1,3T7  eil.  at  25  ct Ml.K 

Hard^wi.  i2!i5'ih  «i s'm \'^'.'^'.[''^'.'.'.'.'.'.'.'^'.'.'^'.[     i.n 

Wast*,  ajlh.  at  PO  ct  tM 

Tire  di'prprLalioB  — t.aHmii™  »l  Jet 1S».« 

Repairs  and  renswala   160.00 

Total  operating  clisriei   tt,31E-!I6 

Filed  clianes  (intertwt) ZB&OO 

ATeraKB  hanl  in  ini1«  B.H 

Number  ol  farda  hauled  1,9SS 

TotBl  number  of  ynrd  railea  performed,  lO.SZL (0.155  yd.  mile 

TMal  niualier  <rf  ton  miles  performed.  1&4S1  ■■■-.-..    tJMUnnlla 

Seven  &nd  One-Half  Ton  Tmoks.  The  following  is  from  the 
Sept.  22,  lors,  issue  of  Engineering  and  Contracting. 

The  Northern  Construction  Co.  sublet  the  hanline  of  the  ag- 
gregate* from  their  plant  to  the  rofld  to  the  C.  A.  Miller  Cartage 
Co.,  Elkhart.  This  company  used'  three  7^4-ton  motor  trucks 
bnilt  by  the  Mack  Brothers  Motor  Car  Co.,  AltentoWn,  I^.  ^  Two 
of  the  trucks  were  bought  in  1914  and  the  third  is  a  year  older. 

The  minimum  length  of  haul,  which  is  from  the  plant  to 
the  beginning  of  the  riMd,  is  2  miles,  and  the  maximum  5  miles. 
Except  for  a  short  distance  over  c-ity  pavements,  the  route  which 
the  trucks  have  to  follow  is  over  deep  sand  roads  which  cut 
down  their  capacity  of  125  miles  per  10-hour  day  by  about  20%. 
As  an  average,  for  their  first  and  longest  haul,  the  trucks  made 
t«n  round  trips  per  day,  carrying  a  loadYif  4  ea.  yd.  of  material 
each  trip. 

The  working  day  was  from  10  to  12  hours  long,  five  days 
a  week,  and  on  Saturday  from  5  to  10  hours.  As  nearly  as 
could  be  determined  the  average  came  very  close  to  10  lours 
for  gii  days;  60  hours  a  week,  and  it  is  on  this  basia  that  the 
cost  of  hauling  is  computed  in  the  following  table.  As  the  C.  A 
Miller  Ob.  uses  the  trucks  to  haul  coal  in  thff  winter,  they  are 
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idle  very  little  of  tie  time.  In  figuring  interest  on  c&pital 
inveBted,  etc.,  it  was  assumed  that -the  trucks  were  in  operation 
275  full  days  out  of  the  year. 

Coei  OF  Bauung  Sanp  and  Osatix  bt  Motor  Tkdck 

L«ii|tli  at  hmul,  one  wir,  G  miles 

Lsbor:  '      ' 

DriTsr  at  tlS  per  week  -.■■■■  t  3.00 


t  SMI 
EtepreoUiMD,  1 


cort.  1&S50  at  8%  I  1.15 

I,  16%  i«r  uinuD  , 2X1 

"-""■-  lod  firej,  ¥X  per  aDDuM ^ 


Oil  aSi  gal.  M  «cl 1.00 

HsrdgitaiB,  )i  lb.  al  2g  et 14 

IHra  renawed  once  every  two  years  at  %«Kt TJ 

t  iM 

ToUl  coat  per  truck    J12.B 

Cabio  rardi  hauled  one  mile  in  one  day    (return   trip  annply). 

1015x4  =  200. 
Cost  per  eu.  yd.  per  mile.  J0.0811. 

Auuming  that  wet  eand  and  gravel  weighs  120  lb.  per  cu.  ft. 
)r  1.62  toQB  (3,240  lb.)   per  cu.  yd. 
Coet  per  toa  mile,  $0.0377. 


c.  Google 


SECTION  60 
PAIKT  SPBAYIKtl'  EQTTIFHENT  ' 

Paint  spraying  outfits  are  eUicient  on  large  jobs.  The  man 
facturerx  claim  that  one  man  operating  a  paint  gun  can  do  th 
work  of  from  three  to  ten  or  more  skilled  painters,  dependi^i 
on  the  nature  of  the  work.  Painting  by  machine  bam  alM>  v' 
following  advantages  over  the  hand  method.     Finished   coatii  a^ 


Fig    2Jt      I'alnt  Spraj  ing  Outfit. 

uniform  and  free  from  brush  marks,  rough  surfaces  difHcult  t 
coat  with  a  bru>h  are  easily  cohered,  and  where  single  coat  vor 
ia  required,  either  a  lighter  or  heaviei  coat  can  be  obtained  tbi 
is  possible  with  hand  brushes 

5)0  ,-  I 
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The  tfpe  of  paint  BprayinK  outfit  generally  id  use  comiats 
of  a  wurce  of  cioiupreeaed  air,  which  may  be  either  a  portable 
compreseor  or  piped  from  the  main,  a  tank  into  which  is  put  the 
paint,  the  ^Mitrol  head  of  the  tank,  the  paiut  gun,  or  hand  device 
which  is  fitted  with  the  nozzle  and  trigger  valve,  and  suitable 
hoae  with  connections. 

A  paint  spraying  outfit  without  the  compressor  is  illustrated 
by  Fig.  235.  Thje  consista  of  a  paint  gun  with  adjustable 
upreader  attachments,  a  pressure  control  head,  a  3-5  gal.  material 
container,  a  12  ft.  length  of  V4,  in.  Ilexible,  metal-lined  material 
hoee,  and  a  12  ft.  length  of  %  in.  heavy  pibber  air  hoee  with 


Fig.    238.     Complete    Paint    Spraying   Outfit. 

necessary  renewable  couplings.  The  shipping  weight  of  thie 
outfit  is  approximately  TO  lb.  and  the  price  is  $125  f.  o.  b.  factory. 

Another  make  of  painting  machines  costH  as  followH; 

OntAt  Ko.  63,  u«ed  on  large  painting  jobs,  consisting  of  a  3-hp. 
gasoline  engine,  air  cooled  compressor,  20-gal.  tank,  8-gal.  paint- 
ing unit,  aAr  brush,  25  ft.  of  hose,  all  mounted  complete  on  a 
Hteel  trnck.     Shipping  weight  approximately  1,2.50  lb,,  price  $4d0l 

Outfit. No.  BO,  same  as  above,  with  3-hp.  electric  motor,  $540. 
MetAl  houaiiig  for  either  outfit  1135,  shipping  weight  S5  lb. 

Outfit  No.  55,  rated  to  do  the  work  of  4  men,  2-hp.  engine,  20- 
gal.  pressure  tank,  air  cooled  compressor,  8-gal.  painting  unit, 
air  brush  and  2f  ft,  hose,  all  mounted  on  steel  truck  complet«. 
Shipping  weight  about  675  lb.,  price  $300.  Also  to  be  had  with 
electric  motor  at  the  same  price.     Fig.  236. 
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Ontftt  HA.  6SB,  20-gal.  painting  unit  complete  with  boae  and 
air  brosb  inouiit«d  on  wheels,  shipping  weight  about  190  lb., 
price  $184. 

Ontflt  H«.  69,  similar  to  above,  weight  120  lb.  for  shipment,  cost 
SI  35. 

ITap  Sack  Outfit,  3-gal.  capacity  complete,  ahipping  wei^t  18  I 
lb.,  priee  S68.  | 

Btaok  laintlite  Equipment  nsed  without  scaffolding,  cMniating 


Fig.  237.    Stack  Painting  Equipment. 

of  an  8-gal.  tank,  air  brush,  60  ft.  of  air  line  hose,  SGO  ft.  rope 
and  safet;  block  and  tackle  cost«  $150.    Fig.  237. 

Other  equipments  are  S  and  4  gal.  units  inouhted  on  a 
stationarr  base,  weighing  60  ajid  45  lb,  for  shipment  aand  costing 
978  and  $68  respe<;ti»ely.  ~  S-fal.  unit,  vertically  mounted  on 
wbeeU,  weighs  about  66  lb.  and  costs  $85.  A  double  tank,  two 
color  painting  outfit  costs  complete  $134  and  weighs  125  lb.  for 
shipment. 

All  prices  for  this  make  are  f.  o.  b.  Chicago. 
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A  eompatative-'test  of  applying  (taint  wKha  B^rajing  maclrine 
and  hf  haM'^Wad  ivHide  ttt  the  Unit«d  States  Naval  Hospital 
in  Sept.,  1919.  "  '        ' 

In  the  wall  test  an  experienced  spra;  brush  operator  started 
the  BprBf  oD  one  side  of  the  building,  and  two  experienced  paint- 
ers with  4^-inch  brushes  started  on  the  other  side  of  the  building, 
which  was  exactly  the  same  in  size,  etc,  as  the  one  selected  for  the 
machine  work.  After  abou;^.pQe-fl,ftb  of  the  buildiog  was  coated 
by  machine,  the  operator  nf  the  spray  brush  was  changed  to  a 
man  unfamiliar  with  the  use  of  the  gun.  The  following  is  a 
eusimary  of'the  data  obtained  from  the  test. 

Wau,  Tests  (Extexiob) 

.  Usthod  of  Area  of  '  PHlnt  Time.  iog  rats  :    Tkae  ta 

.    appliraliiHi  lurlace  nud.  I  num,  per  gal..      M«l  100 

First  CDHt:  iq.  ft.  gal.  hourt  (q.tt.     iq.n..  min. 

Machine    4.182  «£  9%  .  ETO      '       13.( 

Broah     1,094  B5T  BO  S«  2S 

BfMud  coat; 

Haebine    4,lg!  t.3  ll)>i  8ea  IS 

Brush     4,091  3.9  21  992  30.1 

In  addition  to  the  above,  data  were  obtained  mi  the  coating  of 
a  large  area  of  the  roof  with  the  machine.  Nearly  9,000  sq.  ft. 
of  surface  were  coated  with  22^  gal.  of  paint  in  14  hr.  by  one 
man.  Thio  included  the  time  to  mix  the  paint,  place  it  in  the 
c^ontainers,  raise  the  machine  to  the  roof,  etc.  The  average 
journeyman  painter,  working  on  wall  work  will  do  about  20O  aq. 
ft.  an  hour  and  about  2S0  sq.  ft,  an  hour  on  roof  work.  It  will 
be  seen  from  the  preceding  test  that  the  painters  were  evidently 
interested  in  the  test  and  speeded  up  thir  hand  brush  work,  and 
accordingly  have  made  higher  averages  than  the  Sgures  just 
given.     The  results  of  the  roof  test  follow: 


Uelhodof 

Machine    GIS  1~49  U 

BroBh     ETS  1.35  IK 


application  surface         used,        Iman,      perKsL,      coat  100 

—  "  gal.  hours         u),  ft.      sq.  It.,  min. 


The  paint  used  in  this  test  was  a  white  lead  paint,  the  materials 
were  mixed  by  the  men.  It  was,  tinted  with  ochre.  The  Rret 
coat  weighed  1T.6  lb.  per  gal.,  am  tEe  second  coat  20  lb.  Both 
paints  were  easily  handled  by  the  paint  gun.  From  observations 
it  is  apparent  that  the  spray  machine  will  handle  paint  of  almost 
any  weight  per  gallon. 

On  the  flrst  cottt  the  hand  work  showed  a  smoother  appearance 
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thui  the  work  done  with  the  gua.  On  the  aecond.  coot  no  appre- 
ciable difference  waa  notad.  Both  kinds  of  oppUcittitm  took  about 
the  ftame  time  to  dry. 


Whita  No.  lOO 

U.  8.  Army 

t    S.13 


Uby  18 

14  by  24 
Uby  30 

15  by  12 


c.Coo^lu 


PHOTOGEAPHT 

No  construction  work,  however  imall,  should  be  carried  on 
without  the  aBBistance  of  the  camera.  For  I^otI0Il,  stud;  it  in 
indispensable,  and,  ag  an  adjunct  to  the  keeping;. of  recordi^ 
nearly  so.  Photographs  of  construction  work  have  saved  many 
dollars  to  the  contractor  in  employees'  damages  auita,  and  to  the 
owner  or  contractor  in  other  legal  casea. 

On  unimportant  work,  pictures  less  than  4x5  incbes  are  •aSi- 
ciently  lai^e  for  all  purposes,, as  small  pictures  can  be. enlarged 
to  Bx  ll)  inches  or  more,  if  necessary.  After  much  experiment- 
ing in  this  line,  the  author  uses  an  Eastman  folding  pocket 
kodak  No.  3,  which  holds  a  6  or  12-expo8ure  film  roll,  and  takes 
a  picture  3^x4^  inches.  This  type  of  camera  is  convenient  as 
it  oceupies  very  little  spoca  wben  foMed.  The  picture  is  large 
enough  to  show  fair  sized  groups  and  details. 

On  important  work  .^arfa  pnctnret  ^fnilj^be  taken  not  less 
often  than  imce  each  month,  and  more  frequently  if  the  work 
is  of  BuIIlci^t  size  and  progress  to  warrant  the  eiipflfse.-  For 
this  purpose  the  Empire  State  plate  camera,  taking  a. .  picture 
8x10  inches,  ia  recommended.  For  general  u^  a  No,  5  lOoerz 
Dagor  F:  B.S  or  U.  S.  2.9  lens-  is  very  good.  ..When  this  lens 
is  wide  open  it  covers  a  7x0  inch,  plate;  when  open  at  Fil6  or 
U.  S.:ie  it  covers  an  SxlO  inch  plate,,  and  at  F:32  or  IjT.  S.;S4  it 
covers  a  12  x  16.  For  a  wide  angle  lens  the  No.. 2,  lifted. to  Mver  a 
5x7,  has  a  greater  speed  and  better  definition  than  a  regular  wide 
angle  lens.  While  this  lens  is  linte4  to  cqver  a  smaDpr  plate 
than  8x10  it  ia  actually  large  enai^h.  This  lena  is-conv^tiUe; 
the  full  combination  —  equivalent  focus  1.0%  inches  —  may  be  used 
for  general  work  and  the  back  combination  —  fquivalent  foQUs  21 
inches  —  for  objects  at  a  distance.      ,  ,  ■, 

For  glossy  prints,  to  show  extreme  detail,  use  .glossy,  Velox; 
for  general  results,  but  extreme  dfitail,  velvet  Velox.  In  order  to 
secure  compactness  use  the  rfarly  made  developer.  The  "  Tab- 
loid"  brand  is  very  handy.  Always  keep  a  10%  solution  of 
bromide  of  potash  at  hand  to  slow  down  the  developer.  A  room 
4  ft.  s  6  ft.  is  all  that  is  necessary  for  developing  pictures. 
535  '^ 
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If  there  ia  a  window,  cover  it  with  a  piece  of  red  glass  and  2 
Bheets  of  yellow  P.  0.  paper,  or  with  the  red  and  yellow  fabrios 
made  for   photographic  purposea. 

For  mudi  of  the  data  in  the  forgoing  article  I  am  indebted 
to  Mr.  A.  A.  Russell  of  Flushing,  L.  I. 

There  is  an  excellent  ai;(,i^?,  in  .f^^ineerin^  KeiM,  Nov.  ID, 
IdOB,  page  552,  on  "  Industrial  Photography,"  by  S.  Aehton  Hand, 

Except  where  constru^Uf^  w,ork  u  in  jsolattsl  places,  it  is  not 
necessary  to  develop  ft\a\i  ~or  plat^H  on'  the  job  as  practically 
every  town  whether  large  or  small  hae  a  photo  developing  sta- 

Wheil  it  i»  necessafy  to  Mtvi  aii  outfit 'on  the  job,  it  should 
include,  beside  the  dark  room,  a  suitable  'number,  61  traya  for 
devrfoping,  washing  And  fixing,  graduate  glasses,  wide  mouth  bot- 
tles, ibrinting  frames,  photo  clips  and  a  ruby  lamp.  The  chemicals 
and  full  directions  for  their  use  are  to  be  had'  at  any  supply  store. 

There  is  Et  wide  variety  of  patented  developing  machines  and 
other  like  appliances,  some  of  whidi  are  arra'nged  so  frhat  it  is  poe- 
sSbte  to  develop  Without  the  use'ot  the  dark  room. 
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■  PKKS  AiTO'-MATTOcSs';  ■'■;;;■■  ^ 

'  Net  ptlcMi'a't'Chlttigtf  'for  picks'  aiJd  mitf{>(£^  in  C|ua,nti)i«s 
arBiaaifoHoWil!'"'    .'■'■'■ ■    '    '     '<''■      '". 

■mtlroiia'oi'  Oltty 'HBltt-WeighirrB"'7W  ISi '  fcbst'  ll'B'pier  dew., 
weifehinji  m!'  «).  t«ar  SM  'J^rdoi.'^  '  ;-    '      '   ■'"  .    '' 

Drifting  Ham  Weighing  4^'- lb:  CQat'$15  'per  doL,  weigltin};;  6 
Ib-'Koef  S17.B0  per-dte.  '  '  '''  "'' ''    '     , '  '  " 

Kattocki,  BdKe  eyi,  with  ling  ciitter  Weighing' 6  lb. 'cost"  $17 
pfer  doz.,  weighing  5^  lb.  with, short  cutter' cost  !|J6.5D'  per  dot. 

Flek' XattOOks  weighing  6  Ib.'coet  $17  per  dot.    '    ;,.",, 

AiplitfH  KatttfCks.  The  nH  prices  for  asphalt 'inattackB  in 
quantities,  at  ChK^ago,  are  a^  fbllbws.  yor  a  inattock  with  cruci- 
ble trteel  cutter  And  chist^l'inds.'fteighing  fl 'lb.,  the  lijst' is  $24  per 
doz.  A  mattock  with  double  cUttef,' welching'  lO  tb'.,  can  ht 
bought  for '$33  per  doz.  " 


i.Con^^lc 
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pien  and  FonudatloBi.  for  tbe  .GhlcaKo.  .ipiwankce.ft  InKct 
Sonnd  Ky.  Bridge  Crmaing  fbe  polnmbia  Atverr*  Tint  bridge 
crQ9^  the  Columbia  River  about  420  tniUa  from  its  mouth.  At 
this, point  the  river  has  a  wjdth  at  loy?  water  of  1^050  ft.,  at 
averffge  hi^h  wat«r.  of  2,S00,fti  a^id  .at  e^tr^mf  high,  water  of 
4,500  ft.  The  bridge  is.  2,»S)a.81.'ft.  lqii«;  its  approaches  are 
timber  trestle  on  concrete  pedpatalu  and  are  1,315.68  ft.  and 
323.6S  ft.  long  respeotivelj  The  principal  dimenHione  of  the 
piers  are  given  in  Table  I.  A)l  piers  have  a  batter  of  ^  In.  to  1 
ft.  on  the  Rides  and  downstream  end  of  3  in.  to  1  ft.  on  the  cut- 
wal«re.  The  footings  vary  in  width  from  13  to  32  ft.  and  in 
length  from  32  to  60  ft. 

Table  I.— Total  Cost  of  the  ^ebh,  Distributino  All  Gen- 
eral AND  Incidental  Expenses 


Width 
ander 

Lenirth 

HpMtlit' 
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'^■- 

^'•%,- 

II 

ffl 

*^^^ 

.  *I8^3 

■  (f 
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■  If 
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li'n 
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u,tftija8 

S3.2K 
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'  0- 
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1  ■  If 

« 

•«- 

Si'  ^%r 
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■a" 

BVBW; 

ti.B; 

SZS 

li.mn 

.  2ii» 

I'O" 

a.n^.n 

«■«- 

is'ir 

^.v '. 

5,133  13 

■erasa  oort 

tJ3l,B«.05 
pw  c».  yd. 

I24.1S 

ad  i>Kn. 

5.8M   en.  H 

).u  ■ 

el 

..   121.40 

rpiiraiiliScu.  yd.; 
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Traniportlng  Conitmotlon  Haterlala.  About  14,000  tona  of 
material  and  suppliea  were  required  for  the  conetruction  of  the 
bridge  substructure  and  of  tlie  line  near  the  river.  The  eoat  of 
freighting  material  across  country  by  wagon  from  the  nearest 
railroad,  a  distance  of  about  35  miles,  was  estimated  at  $12  per 
ton.  This  cost  and  the  character  of  the  service,  with  its  delays  i 
and  uncertainties,  made  this  impracticable,  and  it  was  determined  I 
to  handle  all. freight  by  river  if  possible.  Navigation  between  the 
site  of  the  bridge  and  a  supply  {loint  on  the  river  below  the 
Cabinet  Rapids,  about  one-half  miie  from  Vulcan  Station  on  ■ ' 
Great  Northern  R,  R.  and  8  miles  below  the  Great  Northern 
bridge,  was  considered  to  be  practicable  for  light  draft  ri- 
steamers.  Arrangements  were  made  for  the  construction  of  a 
stern  wheel  river  steamer  of  the  type  generally  used  on  the  upper 
Columbia  River,  and  the  steamer  St.  Paul  was  built  at  Trinidad 
and  placed  in  commission  on  October  30,  lfl06.  The  principal 
dimensions  ol  the  steamer  are  as  follows: 

Length  0/  hull US  It. 

Beam .- , 2i  (t.  6  In. 

Beam  over  euards   ..: !5  ft. 

Dntt  light alraiit   Win. 

Draft  loaded  - .*lwDt    3  ft. 

Gtms  tonniM about  200  toni 

Actual  freiibt  capacily : m  toai 

EDgiBCB,  biEh  preamre.  non-condeailng,  wUh  crlin- 
dera  10  incbes  diameter.  IB  inchca  stroke,  boiler 
preranre    JCO  lb. 

This  steamer  cost  about  $11,000  to  build  and  was  used  not  only 
for  handling  materials  and  supplies  but  also  for  towing  and 
tending  at  the  bridge,  handling  barges,  etc.  The  operating  ex- 
pense for  a  period  of  about  27  months  was  as  follows: 

Fuel -  - -  - I10.200 

Wagek  of  crev  and  charier  of  Bleaiaer  28,800 

Total    ta»,000 

The  cost  of  unloading  and  handling  freight  from  the  cars  at 
Vulcan  to  the  steamboat  landing,  about  one-half  mile  distant,  h.v 
wagon,  was  about  $2  per  ton.  The  cost  of  handling  by  steamer 
from  Vulcan  to  the  bridge,  a  distance  of  about  3fi  miles,  ranged 
from  about  $1  to  $4  per  ton,  varying  at  dilTerent  stages  of  the 
river,  averaging  approximately  $I.SO  per  ton,  making  the  cost  of 
freight  from  the  ears  to  the  bridge  about  $3.80  per  ton. 

Contract.  A  contract  was  entered  into,  on  a  percentage  basis. 
for  the  construction  of  the  substructure  and  trestle  approaches, 
and  for  the  erection  of  the  falsework  (or  the  superstructure. 

Under  .this  Contract  the  contractor  furnished  aU  tools,  outfit. 
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machineiy  and  equipmeat  necessary  for  the  doing  of  the  work, 
witb  the  exception  of  equipment  of  a  nature  not  generally  used 
by  the  contractor  and  of  a  uharacter  peculiarly  required  liy  the 
nature  of  the  work  to  be  done,  which  latter  equipment  was  fur- 
iiiehed  hy  the  railway  company.  The  plant  furnished  by'  the 
contractor  included  the  following: 

G  tUliooBr^  entlnn. 

1  rock  cruiher  tud  enginf. 

1  elEbt'lnch  ceniriruiil  pumpa. 
t  lix-lneb  eentrltafaT  rumpi. 

S  Heam  boilen,  40,  go  and  80  hp. 

litsMDdrUbi. 

fldatricb. 

1  pile  driven. 

1  itMm  haBUUT. 

1  electrlo  liEht  eagme  and  dfiiBnn. 
12  dump  un,  IH  cu.  yi. 

*  AM  can. 
11.000  iMt  Ueel  nOt. 

U  ifvel  holMint  backeU. 


12,700  UnMl  f«t  at  K"  wire  ropi^ 
MO  liniKl  itet  of  r  *ire  rape. 

finuD  toota  Bud  flttinfa  m  TeqnJrod. 

The  total  rihie  of  this  plant  was  approxinatel;  (48,000  (1910). 


c.  Google 


FILE  SSIVERS 

There  are  thrra  types  of  pile  driverB: 

1.  Free  fall,  in  which  the  hammer  is  detached  from  Ae  hoist- 
ing rope  and  allowed  to  fall  fr^el;  upon  the  .pile. 

2.  Friction  clutrh,  in  which  the  hammec  remains  Eklways 
attaebed  to  the  hointing  rope,  and  by  meana  of  a  friction  clutcli 
on  the  hoisting  engine  the  drum  is  thrown  into  gear  or  ou 
gear  at  will. 

3.  Steam   hamtner   or   pile   hammer,   which   is   described   under 
that  heailing 

A  free  fall  hammer  strikes  about  7  blows  a  minute  when  the 
fall  is  20  ft.  and  a  hoisting  engine  is  used.  '  A  friction  clutch 
strikes  about  18  blows  per  minute  when,  the  fall  is  12' ft,,  and 
25  blows  per  minute  when  the  fall  ia  5  ft.  A  steam  .hammer 
strikes  aliout  300  blown  per  minute.  A  railway-  pile  driver  i 
heavy  driver  of  the  overhanging  type,  mounted,  on  a  fiat  i 
either  drawn  by  an  engine  or  self  propelled.  Similarly,  a  si 
pile  driver  U  a  pile  driver  mounted  on  a' scow.  A  scow  pile 
driver  wjll  drive  more  piles  per  day  than  a  railway  pile  driver 
because  there  is  no  delay  engendered  by  the  eawing  off  and 
capping   of   each   pile   in   order   to   allow   the   machine    to    pas: 

Pile  drivers  range  in  height  from  30  ft.  up;   the  highest  pile 
driver  in  the  world  in  1908  was  one  108  ft.  high. 

A  large  pile  driver  traveling  on  a  track  was  used  by  the 
government  on  the  Columbia  Kiver  Improvement,  lis  equipment 
consisted  of  boilers  and  engines  for  hoisting  a  5,700  pound  ham- 
mer and  of  boilers,  pumps,  etc,  for  operating  a  water  jet.  ' 
machine  had  a  reach  on  each  side  of  30  ft.  and  the  height  of 
leads  above  the  cut-ulT  of  the  piles  was  80  ft.  The  larj^iit 
pile  which  the  leads  would  take  was  29  inches  in  diameter 
and  piles  up  to  this  size  were  driven  by  using  the  hammer  i 
combination  with  the  water  jet.  Piles  .30  inches  in  diameter 
were  driven  liy  resting  the  hammer  on  their  edges  and  driving 
with  the  jet.  Piles  as  long  as  150  ft.  were  driven  on  thia  work. 
The  total  weight  of  the  machine  was  60  tons  and  its  cost  about 
$12,000. 

640 
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The  Louiaville  &  NaskviUe  R  R.  Co  used  a  railway  pile  driver 
of  their  own  make.  Mr.  G.  W.  Hituuan  gave  the  cost  of  op«atioii 
per  day  aa  followe: 

FaremBD  kud  10  mca  tUM 

EuginnT.  Brfman  nnd  walcbman  8.80 

Condactor  and  2  flannen   T.OO 

Cyl,  ail  and  waila  IM 

Vte  ol  locomolive 1200 

For  uae  of  driver  >nd  took  , 2,60 

ToUl  (prior  tolttO) 152  80 

The  above  crew  was  used  for  building  short  trestles,  say  of  30 
to  40  piles.  When  longer  trestles  were  built  a  larger  crew  proved 
more  economical  bees  use  of  fewer  delays  to  train  a.  This  pile 
driver  was  also  used  as  a  derriclt  and  material  of  all  kinds  was 
unloaded  with  it. 

Mr.  Aaron  S.  Markley  said  that  the  Chicsgo  &  Eaiitem  Illinois 
Tiailway  used  a  Bay  City  pile  driver.  This  was  aelf-propellini; 
and  made  about  8  milee  per  hour  under  its  own  stesm.  It  was 
able  to  haul  r>  or  6  cars  on  a  level  grade.  When  the  pile  driving 
was  done  within  114  miles  of  a  side  track  sn  engine  was  rarely 
used  to  haul  it.  The  operator  was  paid  $2  50  per  day.  The 
hammer  weighed  2.800  lb,,  and  the  orginal  cost  of  the  entire 
machine  was  $4,S00.  Very  few  repairs  were  neceesaryi  the 
chains  and  Kprockets  being  about  the  only  parts  which  needed 
renewing,  and  they  had  a  life  of  from  1  to  1^  years.  The 
machine,  when  working,  drove  from  40  to  50  piles  per  dsy. 

Pile  drivers  mounted  on  sills  for  operation  by  a  Steam  engine 
cost  as  follows; 
'   Price  complete  without  blocks,  lines  or  enginer 

S        -        =-         -  I 


1^ 

i'  r  1^  1 1 1^'  r  I"  I 

i,soo      eu      18     t  <n     30      ti«i      tno      t  ui  1 49 

t.fno         EU         18           m       Si           174           ETO              141  tS 

t,OM         Tit         18           SS       8S           ZIO           390              600  Tl 

i.bOO         7K          IV         110       to           2i<l           44.'>              E85  M 

S,O0O         8U         20         124       EO           2SS           840           1,128  102 

Pile  drivers   mounted   on  sills  are  usually   operated  by   horse 

power.    When  lo  operated  the  hammer  on  the  ima.ll  sizes   is 

raised  dirftti  on  the  large  ones  the  end  of  a  line  is  fastened 
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to  a  poet  or  other  deodman,  carried  through  a,  tackle  block  on 
the  main  hoisting  line,  and  tied  to  the  whiffle  trees.  Winches. 
1)o]ted  to  the  ladder,  can  be  used  to  raise  the  hammer  but  are 
\ery  alow.     Prieee  complete  without  blocks,  lines  or  engine,  art 

as  per  table  following: 

Sizes  and  Costs  of  Pile  Drivers  o?)  Sii.ls.      • 

(Prices  without  blocks,  lines,  or  engines.) 


i-s      g      ■=1  '-r. — —P''^y — 

■.S        '•^        S«      ^'"  "'  pilM  or  pilin 

Itt       }1«2       1218  rxIZ"  sheetlHE 

SI         IS!         25S  2">;U"  >liectiaK 

9S         171         272  r>  ir  ahHliai; 

TO         174         B7B  fx  IS"  Bheetinjt 

.36         Ki        364  4"x  12"  shHting 

I4S         22S        3TJ  4-1  I2r  iheetinK 

ID"  aquitre  ar  round  v 

12"  Bquira  or  roand  v 

14"  square  or  round  p 

18"  »qiiBre  or  ronnd  p 

But;  concnlB  piles 

Adjustable  trips,  for  regulating  the  length  of  stroke,  cost: 

for  hammer  of  2,Gnn  lb.  and  oier  tlS.GO 

For  hammer  of  1.200  lo  2,000  lb. la.TB 

Far  hammer  o/ 1,000  lb.  and  under  lO.DO 

A  small  pile  driver  30  ft.  high  with  a  hammer  head  weighin* 
2,200  lb.  was  conetructed  at  the  following  cost.  Bill  of  liiiiil>er 
for  the  driver  is  as  follows: 


2  Pieces  4"it   e"i3V  (leads)     

1  Piece    6"i  6-i  4-  (rroMpiete)     .... 

2  Pieces  B"!   6-1 1«'  (baw)    

a  Pfecea  2"<  4-1  32-  nadder) 

-  -x  2-  (redder  rungs)  . . 
'i2B'  (swny  bracea)  ... 
-1 20'  (loii(  front  all))  . 
■-■■"  '-■- r  <ili)  . 


2  Pioiea  2~x 
1  Piece    4"x   » 
1  Plete    2"i  4 


I'lLK  DRIVERS  I 

TOOfHt  B.  U.  atMD.OO  '  %  UM 

Bolts  iDd  nsilB 2M 

Ijbor    ISJW 


ToUl,  prior  to  1910  flOI.DO 

The  City  of  Chicago  in  1001  constructed  some  intercepting 
eyreTB  by  daf  labor.  Wakefield  sheet  piling  2x12  in.  x  20  ft, 
'Norway  and  Georgia  pine  lumber,  eurfaced  one  side  and  one 
'dge,  wae  used-    It  was  found  that  Norway  pine  would  stand 


Fig.  238.    Special  Traieling  Pile  Driver. 

about  50%  more  blows  under  a  drop  hammer  The  city  built 
with  its  own  labor  a  turntable  drop  hammer  pile  driver.  The 
hammer  weighed  3,000  lb.  The  driver  was  equipped  with  a  7  x  iO 
inch  double-drum  hoisting  engine  and  a  duplex  steam  pump  for 
jetting.  Tlie  leads  were  40  ft.  long.  It  cost  82,200.  In  op- 
eration it  was  found  practical  to  awing  the  driving  apparatus 
about  once  each  day.  In  oriJInary  driving  the  crew  averaged  90 
pieces  of  sheeting  in-S  hours,  which  is  equivalent  to  46  ft.  of 
trench.  The  pile  driving  crew  consisted  of  13  men  costing  $40,6fl 
per  day,  which  gives  a  cost  of  00  ct.  per  ft.  of  sewer.  The  bill 
of  material  required  for  90  ft.  of  piling  wu  as  follmra:^^    r 
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10.8  H^  B.  H,  2xl2'iiU'hi2»t«>ttlTnber,  O  tSiOO t»7-<0 

900  OO  D  >Dik«i>.  @  12.95  per  100  13  8G 

I  ton  of  GOBI  for  pl)B  driver  2.911 

Total    - BMJ5 

Tliia  gives  a  coBt  of  «5  87  per  ft.  of  trench,  or  a  total  cost  oil 
$0.77  per  ft.  j 

During  the  six  monthB  ending  June  30,  1010,  the  cost  of  repain 
to  all  pile  drivers  an  the  Panama  Canal  work  waa  an  average 
$9,42  per  day  for  442  days  of  work. 

The  pile  drivers  used  on  tlie  work  of  Improving  Lincoln  Part 
Chicago,  during  IBIO  and  1011,  were  of  the  drop  hsttnineT  typt 
equipped  with  45  ft  leads  and  2,400-lb.  hammera.  The  coat  o 
operation  of  Driver  No.  1  during  1910  waa  as  follows: 


Labor   oiierslion    12,629.10 

Pnpl  ftnd  luppliea <8.^90 

Lshor  rcpiiir. 61578 

Towing,  m  hoar*.  &  $2.72  12.2* 

InsursacB SSOO 

Total   coet   f3.72SSZ 


The  cost  of  operation  and  repairs  on  Drivers  No.  1  and  Ko. 
during  1911  ere  here  given.  The  extensive  repairs,  includln; 
a  new  deck  house  and  a  new  boiler  to  fit  driver  No.  2  for  worl| 
accounts  tor  the  high  repair  cost  for  that  machine.  ' 

Cost  of  Operation  and  Bbpaiss  of  Pile  Drivkb  No.  1 


Eiblii 


..  HM2.:2 

..       21.1I16 

I2S.80 


15,80791 
Labor'-. t  55n.2« 


I   7ii.32       1065 

Total  operation  and  rspalri  tS,55i.2S       te.TT 

OOBT   OF   OpEBATiON    AND    RePAIBS   OK   PlI.E   DBtVEB   No,    2 

Haunt  In  eomralBelaD <34 

Op''r»tion ;  Pbt  hour 

Liboi   UTTI-86       W.ST 

Pm-1 12«.f»  J» 


132.30 


PaLE  DMVBHS 


Steam  or  Air   HaBuner.-    The   principle  of  operatioi)    is   the 
alternate  rapid  rising  and  driving  down  of  a  ram  of  considerable 


Fig.  230.     Steam  or  Air  Pile  Driver  for  3-tn.  Sheeting. 

weight,  by  Bteam  or  compressed  air.  It  gives  b  lighter  blow 
than  the  drop  pile  hammer,  but  its  blows  follow  each  olher  so 
rapidly  that  the  pile  and  the  ground  do  not  have  time  to  settle 
back   into  their  normal  static  condition  before   the  next  blow 
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fltrikea  the  pile.  It  does  not  split  or  broom  the  pile  head  «b  mucb 
as  the  drop  hammer  doeii,  and  it  holds  the  pile  more  steady.  I 
The  hammer  illustrated  in  Fig.  192  can  be  Buspended  in  Uu 
leads  of  a  pile  driver  or  hung  from  a  derrick,  crane  or  beam  I 
Table  I2T  gives  the  biem,  weights,  prices,  etc.,  including  fltting'' 
for  attaching  hose  to  hammer  hut  no  hose.     Hose  coBtt  as  followi: 

Slie.  inches  Naaiber«(i)lieB  Ftice  per  toot 


A  Fatent  Steam  SrlTen  File  Driver  designed  bo  that  in  operatin 
the  pressure  of  steam  in  the  cylinder  is  added  to  the  weight 
the  hammer,  is  built  in  the  following  sizes. 


Tool 

Boiler  hp.                Co.  ft 

downwsrd 

required  ■!           free  sir  it 

^sr 

Price 

(orce  in  lb." 

SOIb.preuare    80  lb.  preuure 

f.o.b.  fMtori 

7,*» 

SO                       TED 

12.100 

»!,7E0 

^*S 

?»              «£ 

l«£ 

i-™ 

Steam  driven  pile  drivers,  of  another  make,  cost  a 

Cu.  (t. 


mkM 

Ft.  lb. 

1      free  air  at 

Wol^t 

Prlce 

rmia. 

per  Wow 

inb-prn.      80  lb.  pre.. 

f .  o.  b.  tactori 

BOO 

81 

76 

}    250 

uo 

IS 

10 

32B 

aao 

$0 

300 

778 

200 

1,500 

650 

m 

1,S75 

260 

2.B00 

SBO 

225 

350 

5.000 

140 

7:800 

40 

400 

8,800 

l.'SOD 

18} 

1T.600 

SO 

eoo 

U.186 

B.0OO 

LeterriDi 

d  force 

Q  table,  the 

ood"  uniU- 

the  Bhoel  «tei-l  piling 

Hami 

en    driTloK 

a",ir 

slieellng   will 

iheet    Bteel 

piUuKl 

ISSZS 

Himi 

ri  la- 

■heetinit   will 

drjxe    12" 

Bheet   steel 

HiSnmen   SxMbs 

4"jtl2" 

■heetioit  wilt 

aheet   (Mel 

piling 

o  25'  veatitUioa. 

Himmer.   dH.lng 

14"   rou 

nd    pilot    will 

drive   12- 

■heel   steel 

,....g  to  40"  penetr 

^a1nIDe^>l   drlTinR   18"    roaad   pUea    viU  diire    i&'   sheet  ,b 

pUlDE  to  Uf  penetnlion. 


c.  Google 
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The  prices  of  piles  var;  conajderalily  depending  on  the  distance 
of  the  delivery  point  from  the  distribution  point.  Mowt  dealers 
include  the  freight  ehargen  in  the  prices  quoted.  The  following 
priKi  were  in  elTect  the  first  part  of  1020  for  yellow  pine  piles 
of  12  inch  butt  and  H  inch  top.  Prices  are  per  ft,  f.  o.  h.  New 
York,  N,  y.  Short  leaf,  30  to  40  ft.,  16  ct.j  40  to  50  ft.,  1»  ct.; 
50  to  60  ft.,  22  ct.  Long  leaf,  30  to  40  ft.,  28  ct;  40  to  SO  ft.. 
30  ct.i  50  to  «0  ft,  32  ct 

Cost  of  piling  and  piles  in  the  construction  of  an  ore  dork  for  ' 
the  Duluth  ft  Iron  Range  R.  R.,  is  abstracted  from  an  article  hy 
T.eland  Clapper,  In  Engineering  and  Contracting,  July  17.  1012. 

The  following  tables  give  the  time  of  the  various  classes  of 
labor  and  of  the  outfits  used  in  carrying  out  different  parts  of  the 
work.  The  time  allowed  for  outfit  includes  only  the  time  while 
actually  in  use.  A  40  hp.  gasoline  boat  did  most  of  the  towing 
and  the  lime  of  its  engineer  is  included  in  the  tables. 

In  Table  I  for  sheet  piling,  the  item  "  preparing  and  handling  " 
includes  spiking  on  the  tongues  and  grooves,  using  about  50 
%  X  8-in.  spikes  per  pile,  also  sharpening,  loading  by  derrick  from 
flkidway  to  scow,  and  unloading  at  the  drives.  The  item  "  waling 
and  tying  "  covertv  the  placing  of  the  temporary  inside  guide  tim- 

I.— Time  Cost  of  Sheit  Piuno  (2,360  PiLca) 


H°"" 

ihMtpil 

SkXl  Ubw    

DiiTiDg: 

•;;;;:;:;;;;  ^ 
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Catting  off: 

Common  laboi   1,700  T1.5T 

Watinc  uid  tjinii 

Foreman    790  32  M 

CprwnlWB    i,TO»  100 » 

pi.^TW   '-l»y e,-™  3fK.a 

Oommoa  labor  13.370  512.88 

En^,,,... .  1,«0  re.M 

Tq(?  and  crew  .,..■,.,.■.)..■.,;.■ 40  1.98 

Derrick  icow  i,0«  43.78 

DriTo™    B70  24,00 

bers,  the  temporary  outside  waling  timbers  and  all  temporai7  i 
ajid  peimanent  bolto  aod  anchor*.  | 

Ts.ble  II  for  roiiDd  pilen  ineludeH  only  those  piles  in  the  dock  | 
proper.  The  item  "  pointing  and  handling "  inrludes  Bortinj;,  { 
itointing,  rattinR  and  delivering  to.  drivera.  The  cutting  includes 
'be. removal  o.f  the  old  pile  head. 

il.— Time  poBT  of  Rquxd  Pile  Wobk  (163,500  Piles), 

PQilltillC  and  b^ndting^.  Honri    ,  lOOIia.  ft. 

Foreman     'HI,             J)I2a 

Erigineer    ...-■...;■. :  '350'  '    .f36 

Skmad  irtttr    ..,.....,.> .., JJSO            1.42M 

Common   Inbor"  Z,3S0            1.1579 

DfltTiek   scow    .,,  130              .0791 

.Tfta.-.. .-,.  360  .     J136 

■     Tanana-   .'...- '.',    .'Silt'  A9t1 

Engineer    i :■..-, ,... <,r-i-       BIO  |40B7 

Skilled  labor   8,870  1 SW? 

Omman  lab**   ....■....'." •■-    t«9»'  '     l.Moe 

pSe  driver. , ,  .  680  .40H 

'      CatUar  eff  pilai;:! 

Ferofan    .; 130  ,0798 

Skilled  .labor   ,.._...,... , 600    ^         .3680 

Cost  of  DilTitag  Pilot  with  a  Qaioflne  Hoist.  The  following  h 
from  the  July  18,  1914,  issue  of  Engineering  Netos-Record. 

A  reversible  gasoline  hoist  with  a  Bi^-lip-  engine  and  operoiting 
a  i650-lb.  drophammer  lias  been  used  for  driving  1,300  pilea  to  sup- 
port a  stage  tor  7,000  singers  during  the  St.  Louis  pageant.  Thew 
piles  were  driven  from  a  ncow  about  6  ft,  deep  in  the  bottom  of 
the  Mississippi  Biver  at  Forest  Park.  The  niggerl^fid  of  the 
hoist  was  used  to  pull  the  piles  in  place  and  the  drum  waa  util- 
ized for  hoisting  the  ram.  In  addition,  a  pull^  on  the  fifwbeel 
ran  a  centrifugal  pump  for  keeping  the  scow  dry. 

In  the  chart,  I^g.  240,  are  shown  the  total  number  of  piles 
to  be  driven  oi)  schedule  and  the  actual  number  of  piles  driven. 


<  PIL£NQ 


Slfl 


the  estinutted  coat  o(  dtiying  1,3(tO  pi1«a  and  the  actnal  coit  of 
labor  'fltt  pilPB  driven.  The  largest  sumber  of.pHcB  driven  in  one 
day  was  seventy-five.  In  the  estimBte  were  included  17,106  tin. 
ft.  of  piling  at  a  «OHt  of  17  i-enta,  giving  a  total  coat  of  $2,007.85. 
The  average  length  per  pile  was  estimated  to  be  13.16  ft. 

Actually  1,3^6  piles,  aggr^ating  19.104  lin.  ft.  and  averaging 
14,4  ft.  wprp  ""riven.  Of  thin  number  25  piles  were  driven  out  of 
line,  ID  that  the  useful  number  was :  1.301  piles,  ag^egating  18, 
7^0  lln.  ft.  Allowing'  tOU%  depreciation  on  engine  and  aoow,  the 
coMt'Of  Jlriving  18,735  tin.  ft  was. $2, 148.38,  or  11.5  cents  per  foot. 
This  depreciation). of  oourse,  ie  exeeasive,  and  if  20%' is  allowed  on 


engine  and  scow  and  16%  for  overhetid  cberges  the  total  cost  of 
driving  was  $3.00002  off  lO.T  cetitn  per'  linear  foot.  The  cost  of 
the  piles  deliveriid  was  $i,432.B0  or  7.5  cents  per  linear  foot,  bo 
that  with  a  cost  of  driving. of  10.7  cents  the  cost  per  linear  foot  of 
pile  in  plice  was  13.2  cents.     The  crew  consisted  of  four  men. 

The  itenited  costs  were  as  follows:  Cast  et  piles  delivered. 
$1.43-2.80;  total  payroll,  $1,453.93;  engine  and  hoisting  outfit, 
S340;   scow.  $164.46. 

file  Pftoetratiaa  With  and  Without  a  Watei.Jet.  The  fotlow- 
ing  is  fromr  an  larticlavbj  Mr.  F.  YiParker,  in  Evgauering  A'eto»- 
Record,'MaT.  25,  1016. 

Extensive  observations  ofthe  behavior  of.  wood  piles  driven 
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in  dike  conatructioti  along  the  Mississippi  Riv«r  between  the  Ohio 
and  Miseouri  Rivers  were  made  during  the  spring  and  summer  of 
1914. 

The  dikes  consisted  of  three  rows  of  tbree-pile  clomps,  9  ft. 
apart,  tbe  clump  piles  being  driven  at  the  apexes  of  approximately 
equilateral  triangles  the  sides  of  which  were  between  3H  and 
4  ft.  long. 

The  soil  was  for  the  moat  part  sand  and  quicksand,  although 
a  certain  amount  of  mud  and  some  gravel  were  encountered. 

Single-acting  steam  hammerB  and  ordinary  drop-hammera  raised 
by  hoiBting-eicginea  with  friction  clutches  were  used  on  the  work. 
The  drop-hammers  weighed  2,400  lb.  each;  they  were  used  with 
400-Ib.  Casgrain  pitccaps.  The  total  weight  of  each  steam  ham- 
mer was  7,000  lb.,  of  which  the  ram  oonstituted  S.OOO  lb.  These 
hammers  could  deliver  a  maximum  of  60  blows  per  minute ;  but 
unless  the  piles  were  fairly  large  and  straight  the  maximum  could 
not  be  reached  without  danger  of  breaking  the  pile.  The  rate  of 
delivery  was  between  45  and  GO  blows  per  minute  for  all  crooked 
and  small  timber,  which  allowed  the  pile  to  recover  between  blows. 

The  drop-hammer  drivers  were  equipped  with  Hooker  12  x  G^  x 
16-in.  jet-pumps  running  between  60  and  60  r.p.m.;  the  jet- 
pumps  ffli  the  steam-hammer  drivers  were  10x6xl0-in.  Gordon 

Under  100  lb.  of  steam  and  water  each  Gordon  pump  made  S4 
r.p.m.,  discharging  (through  50  ft,  of  2^-in.  iron  pipe  and  50  ft. 
of  rubber  hose)  420  gal.  of  water  at  85  lb,  per  sq.  in.  from  a  1^- 
in.  nozzle.  With  the  nozzle  submerged,  the  impact  at  vOirious 
distances  therefrom  was  as  follows:  120  lb.  at  1  ft.,  IIS  lb.  at  2 
ft.,  100  lb.  at  3  ft.,  50  lb.  at  i  ft.  However,  for  jetting  purposes 
both  the  Hooker  and  the  Gordon  pumps  approximated  60  lb. 
nozzle  pressure   (under  wafer)    100  ft.  from  the  pumps.  , 

Each  jet-pump  was  ewinected  to  a  stationary  2i^-in.  gas  pipe,  | 
extending  from  the  pump  to  the  second  platform,  in  the  piledriver  I 
leads.  A  hose  connected  this  pipe  to  coupled  sections  of  2>^-in. 
gas  pipe  with  the  end  section  reduced  to  a  1^-in.  nozzle. 

Before  placing  the  jet-pipe  the  pile  was  driven  several  feet  into 
the  ground;  driving  was  then  stopped  and  the  pipe  placed  against 
the  pile  and  carefully  lowered  to  the  river  bottom.  The  pump 
waa  then  started  and  the  pipe  churned  below  the  foot  of  the  pile. 
A  rope  leading  from  the  pipe  through  a  snatchblock  to  the  spool 
of  the  hoisting  engine  was  used  for  this  work.  As  soon  as  the 
jet  became  effective,  driving  was  resumed,  and  the  jet  kept  »  few 
feet  in  advance  of  the  pile  until  the  desired  penetration  was  se- 

When  no  further  penetration  was  attained  the  jot-pipe  was  with- 
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drawn  ajid  leloc&ted  agKJnat  the  pile.  OccaBioQally  eeveral  relo- 
catioDB  failed  to  give  results.  Often  a  pipe  "  froze "  in  the 
ground  and  ditlicultj  was  eicperienced  in  withdrawing  it;  thin  was 
overcDiue  by  keeping  the  pipe-to-apooi  line  taiit,  and  tapping  the 
pipe  with  a  hammer  or  sledge. 

Difficulty  was'siwaya  encountered  in  forcing  the  jet-pipe  through 
the  brush  foundation-mattress  of  the  dikes,  which  bad  been  made 
and  sunk  in  place  before  piledriving  started. 

After  starting  the  jet  the  pile  would  sometimes  drop  several 
feet  under  its  own  weight  plus  that  of  the  hammer,  and  this  drop 
wa«  followed  by  a  m&rked  increase  in  penetration  per  Mow.  This 
usuallf  immediately  followed  each  relocation  of  the  jet.' 

Keiiher  shoe*  nor  rings  were  used  on  the  piles,  but  -vArious 
eiperimental  poinUnga  were  given  to  butts  and  tips. 

The  ctatrolling  fai^or  in  "  butta  or  tips  down  "  was  to  haTtf, 
after  driving,  the  greatest  pile  cross-section  at  the  point  of  maxi- 
mum bending  moment.  The  desired  penetration  (about  24  ft.)  was 
a  constant;  but  the  depth  of  water  and  the  coning  of  the  piles 
were  unknown.  Soundings  gave  the  depth  at  pile  clump  loca- 
tions; pile  conings  were  estimated.  From  these  data  was  esti- 
mated the  greatest  cross-section.  In  very  deep  or  very  ihall«w 
water  it  was  <«ly  necessary  to  estimate  the  pile  contngs. 

A  number  at  tables  were  compiled  giving  pile  lengths,  penetra- 
tions and  drop  of  hammer  for  each  blow,  diameters  of  piles  and 
dimensions  of  sharpened  points.  From  these  records  certain  facts 
were  deduced: 

1.  Compacting  of  the  soil  occurred  at  pile  clumps  when  the 
water  jet  was  not  in  use.  The  accompanying  view  shows  the 
effect.  The  piles  of  this  green-i^prees  clump  were  driven  by  a 
steam  hammer  without  jetting,  to  the  same  penetration.  The 
imprint  of  the  ram  on  the  pile  head  shows  which  pile  was  driven 
first  and  which  loat. 

2.  Both  hard  and  eolt  woods  were  used  for  pile  timber.  When 
driven  in  connection  with  the  jet  no  appreciable  difference  was 
noticed  in  their  resistance  to  brooming  and  splitting.  The  kind  of 
timber,  whether  green  or  dry,  croolied,  bowed  or  straight,  bark 
OB  or  off,  butt  or  tip-  down,  tip  sharpened  or  square,  seemed  to 
influence  "driving  time"  very  little  provided  the  jet  was  kept 
in  proper  position.  Some  crooked  piles  took  longer  to  drive  due 
to  inability  to  follow  pile  movements  with  the  jet. 

3.  Apparently  the  most  important  requisites  for  rapid  driving 
were  to  keep  the  jet  on  line  with,  and  a  few  feet  in  advance  of, 
the  sinking  pile  and  to  maintain  the  pile  plumb  in  the  piledriver 
leads. 

4.  The  records  indicate  that  chisel  pointings,  especially  for  tips. 
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are  preferable  to  square  enda  or  pencil  points.  When  the  jet  \na 
not  in  use,  the  tendenoj'  of  the  piles  to  eant  was  less  with  the 
unpointed  square-ended  piles. 

5.  That  great  di^erencex  eicUt  in  the  penetrability  of  Bands  ma 
evident;  the  most  pronounced  irregularities  appear  in  quichsanih. 
A  mixture  of  sand  and  gravel  wfts  easier  to  penetrate  than  either 
sand  or  gravel  alone. 

6.  The  superiority  of  steara  overi  drop -hanun era  ia  unqueBtioaed. 

7.  Instances  oceurred  where  the  performance  of-  the  jet  was 
disappointing;  but  the  water  jetia  an  invaluable' adjunct  of  Iht 
hammer  and  a  necessary  part  at  every  uptodate  piledrlver  equip- 

For -driving,  average  timhwin  ordinary  aoits,  the  writ«ir  advo- 
cates a  medium -weight  double-acting  steara  hammer  strikfHg  ISO 
or  more  blows  per  minute  in  conjunction  iwith  a  siiigIiE*-p^  water 
jet.  The  jet-pump  should  furnish,  »t  a  dintanoe  of  100  ft.,  175 
lb.  pressure  at  a  114'^ii'.  noiate'submfer)f«d  10  ft.  With  ^this  nozzlt 
pressure  the  hammcc  would  bemereiy  ait  adjdnct  <of  tbc  jeb,  and 
its  use  limited  to  a  fewblows  at  the  begEsning  and  end  of  eacb 
operation.  Moreover  Uie  time  required  taiah)k-a  pile  would  be  re- 
duced to  a  minimum.  ..  .         .<  .. 

The  standard  dovetailed  nheet-piling  -of  the  Southern  Pacific 
Railway  used  by  Mr.  Kruttachnitt  lit  "clositag  fK-eaUs  cm  the 
Mississippi  levees,  is  deseribed  as  follows  in' the  Rectamation 
Record.  ... 

"The  main  body  of  each  pile  is  composed  of  a  ItlQi-iD.  plant. 
with  the  lower  end  adtedta  a  slope  of  about  1&  dagrees'  witbl 
the  horieontal,  so  as  to  force  the  piliag  in  driving  a^inst  tbc 
preceding  <in&  On  one  edge  of  the :  body  are  nailed  two  strip: 
made  of  1-in  boards^  havi)^  their  exterior  edgee  in  the  plane  oi ' 
the  face  of  the  pile,  and  their:  interior  edges  Iseraled  so  as  to  fom 
a  trapenoidal  groove  between  them  with  a  larger  base  adjacent  t* 
the  body  of.  the  pile.  Thii  larger. base  is  maide  latratt' 2  inches 
in  length,  the  shorter  base  about  I  inch  in  length.  On  the  othrr 
edge  of  the  main  body  Of  the  pile  is  nailed  a  single  strip  made  ol 
I'in.  boards  and  so  beveled  as  to  permit  it  to  slip  snn^y  betwe^E 
the  beveled  opening  on  the  adjacent  pi]^.<  The'  strips  at'e  nailtd 
to  the  main  pile  with   lOd  wire  nails  spaced  S  in." 

The  cost  of  making  1  sq.  {t.  of  this  piltng  would  be  about  H 
follows; 

1  ril2"iia-  Blank  «t  RO  per  M.,  fl.  M..  10.18 

3  r-s   l"il2-  planlu  si  (30  per  M.,  E.  M 015 

B  lOd  wire  mib  at  W.ZO  p*r  keg  i..^.  .'j..  ,'..... .602 
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FilcBaad  Fuller.  Fig.  34aA  is  a  sketch,  kindly  contributed  by 
Mr  Arl,h^r  JI  f^liaw,  Con^ultiIlg  Encinper,  of  a  pilp  bund  puHer 
that  huH  been  found  very  useful  in  removing  the  iron  bands  from 
the  topa  oF  piW.  It  i»  made  out  of  rather  heavy  matvi  iai  but 
ehould  be  available  to  any  organization  that  has  a  blacksmith 
outlet. 
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Fulling  Sheet  Piling  with  Steam  Kammer.  Tbe  following 
ntftes  are  from  Enginefring  Vews-Reoord,  Dee.  18,  1915. 

An  inverted  steam  hammer  puUsd,  in  00  sec.  each,  pieces  of  36-ft. 
steeT  BheetpiHng  whfth  were  used  in  cofTet-dams  for  constructing 
the  foun<Ia(ibns  of  the  Pittsburgh  &  Lake  Erie  Railroad's  new 
warehouse  In  Pittsburgh.  Mass  concrete  for  the  footinga,  5  ft. 
thick,  was  poured  directly  against  the  ahepting  with  no  attempt 
tn  prevent  a  bond,  and  the  eotferdams  were  baekHlled  to  the  top 
bpfore  any  pulling  was  done.  Nevertheleos,  a  majority  of  the 
pilpH.were  started  and  drawn  in  one  minute  less  than  the  average 
driving' time  on  each  pile. 

The  rigging  consisted  of  a  wire-rope  sling  auspended  from  the 
cranohook  supporting  the  inverted  hamnipr.  Over  the  anvil  block 
of  tbeUtter  passed. a  heavy  strap  .of  steel,  shackled  at  the  lower 
end  to  pulling  straps  pinned  to  the  pile  Tliu  hammer,  a  No.  6 
MrKiej-iMn  IVrry,  is  tatnl  at  275  \Aav»  a.minute  with  w  8%-in. 
stroke.   .It  was  aupplit'd  with  steim  from  the  crane. 

Ouf  of  neveral.car  1oadi^  drawn  with  the  ha^mmer  at  Pittsburgh 
practically  every  pile  wga  In  condition  for  immeiliate' redriving. 

WenxUncer  Bli«et  Steal  Ciling  costa,  t  a.  b.  New  York,  aa  fol- 
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With  Short  Clips 


With  Full  Length  Clips 


Lackawanna  Steel  Pllinf  illustrated  by  Fig.  241  costs  f.  o.  b. 
Pittsburg  from  $2.70  to  $3.00  per  100  lb.  (Jan.,  1920,  quotatimi) 


Fig.    241.     12%-in.   Piling,    %-iiil   and    »iin.    Web. 

Special  pieces  such  as  tees,  croeses,  corners,  etc.,  taki  an  additional 
90  cenU  per  100  lb.  It  eomes  in  any  length  iq^  to  70  ft.  and  its 
other  dimensions  are  as  follows: 


Wpightner  Dist.  Center 
Squirr  Foot  toOenterol 
a(  Wall,  Lb.        Jalau,lD. 


!7,1«T 
12  .M 


3«/S4 
3  45/W 
IK/M 


This  piling  drives  easily.  In  a  test  a  50-ft.  length  was  dr.iven 
47  ft.,  under  a  S-ton  hammer  striking  90  blows,  with  a  penetration 
of  1  inch  at  the  last  blow. 

Teit  of  DrlTlnK  Steel  Sheet  Filing,  Clereland,  0.  Ontt  plan 
on  the  short  line  of  the  L,  S.  4  M.  S.  R.  R.  around  Cleveland,  Ohio, 
required  tunneling  under  the  grounds  of  a  manufacturing  plant 
The  tunnel  was  to  have  two  standard  grade  traclts  at  an  elevatiw 
of  about  60  ft.  lielow  yard  level  of  this  plant.  The  wash  test  bor- 
ings taken  at  this  point  showed: 
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BdiHt  grate 

Yvd  level  lo  G  ft asE  and  cinder*. 

E  ft.  balow  to  a)  ft TeQow  ela;  mod  K"vol. 

Mft.  ImIow  to30n PiBa  cravel. 

SI  It.  below  to  «  ft.   Cosrie  crivel. 

10  ft.  below  to  50  ft Pino  und. 

GO  ft.  below  to  GG  ft Cimtw  sand  and  navel 

GGft.  down  Hud  pan  (blue  da;). 

TTie  fine  sand,  40  to  50  ft.,  was  in  tie  nature  of  qiucksand,  and 
there  waa  a  surcharged  load  at  the  Bides. 

The  engineers  of  the  Lake  Shore  B.  R.  decided  on  steel  sheet 
piling.  This  work  required  60  ft.  penetration.  Five  bars  of 
l-Z'Ji-In  Vi-in.  Lacliawanna  ateei  sheet  piling,  weighing  40  lb. 
per  sq.  ft  and  50  ft.  long  were  ordered  for  this  test.  These 
Iwi'TB  were  driven  by  a  No.  1  Vulcan  hammer,  weighing  lOiLW 
lb  ,  total  striking  part  5,000  Ih.  with  a  42in.  stroke.  In  general 
the  record  was  as  follows: 

No.  1  Pile  (eiperlnifnllng,  ete.   Accurato  record  not  taken.) 

No.  t  PilsU  min.  aeloal  drirlDK  time  1.13S 

Ni.SPIIb!3M  Bin.    aetnil  drliinf;  HoM    1,S7Z 

No.  1  Pile  IG  min.  aetnil  driTine  time   £,2S4 

No.  G  I^eSOU  min.  actual  driTioe  -  time  1,»3 

No.  5  pile  was  followed  down  to  10  ft.  below  the  surface  of 
tiie  ground  in  18%  minutes,  with  1,163  blows.  Alt  five  bars  were 
driven  t«  the  surface  of  the  ground,  making  a  penetration  of 
60  ft. 

Fig.  242. 

Jonea  A  Ljnghlln  Pllintr,  illustrated  in  Fig.  242,  costs  aliout 
3  ct.  per  lb.,  I.  o-  b.  Pittsburgh.    It  is  made  in  any  length. 

eiie  Wt,  per&j.  Ft. 


trmted  Statei  Steel  Sheet  PUlng  is  rolled  in  three  aizes;  M 
106,  M*  104  and  Itl  10.1.  It  waK  quoted  in  Jan.,  1920,  at  about 
^.60  per  100  lb.  f.  o.  "b.  Pittsburg.  ■-  .00<;[c 
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Stnighl 

Width  weight 

SecUcD  in  in-  tier » 

M105  n^  3S 

U 104  12'A  3G 


"^f  fin'-V' 


91  piecei  of  the  ISi^-in.  piling  should  drive  100  ft,  of  wall.     130 
pieces  of  the  0-in.  piling  ehould  drive  100  ft,  of  wall- 

Friestedt  Interlockinjf  Channel  Bat  Piling,  fabricated  from 
channels  and  zee  bars,  diaes  n( 
but  is  adapted   to  ordinary  c 

wwni  ■ 

No.  !        Inin. 

i  ,  J!  ■■ 


Fig,  243,     Symmetrical  Interlock  Channel  Bar  Piling. 

STimaetrloal  Interlook  ChuinelBar  )FJlt|LE  «ioiilpir,  to.tbf  Wfi^  . 
stedt  piling,  euitable  , for  ^Jl^cult  driving. ,wl)frQ,  great  inierkick  ; 
strength  ia  not  required,  ia  ae  folloovBj    .:(See  Fig.  S43.1| , 


Zeta       RtgalkT  Corner 


SrlTlnE-  United  Stoiee  piling  should  be  driven  with  the  ball 
side  ahead  so  that  the  loose  material  will  not  interfere  with  the 
driving.  Symmetrical  piling  should  be  driven  with  the  long  Z  bar 
ahead,  which  aerves  to  stiffen  the  free  edge  ot  the  pile.  Friestedt 
piling  may  be  driven  alike  in  either  direction,  plaia  pile  following 
Z  pile  alternately. 

Sheet  steel  piling  ia  driven  in  the  same  manner  as  wooden  piling. 
Id  ahallow  trench  work  wooden  mauli  hung  from  a  tripod  may  be 
used.     In  heavier  work  a  power  driven  hammer  is  to  be  preferred. 

The  Bush  Terminal  Co.  of  Brooklyn,  K.  V.,  decided  in  1910  to 
Bubstitute  steel  for  wood  sheet  piling  in  the  construction  of 
the  foundatbn  pits  of  their  new  buildings.  Each  of  tbe  288 
reintorcej  poocrete  columns- in  these  buildings  requires  the  dig- 
ging of  a  foundation  pit  10  ft.  x  12  ft.  x  12  ft.  deep,  lit  en^avat- 
ing  some  of  the  .first  of  these  pits,  the  sheeting  was  oC  2  x  10-in. 
wood  piling  which  cost  $1.00  per  horizontal  foot,  including 
rangers,  bracing  and  removal,  mining  a  cost  per  pit  of  aboift  $44. 
This  wood  was  good  for  only  S  or  3  drivings,  an  average  of  2'^. 

Two  hundred  and  fifty  tons  of  steel  piling  similar  to  the 
above,  of  the  8-in.  k  12-ft.  section',  weighing  II  lb.  per  ft.,  were 
purchased.  This  quantity  was  suflieient  for  about  40  pits,  and  it 
has  already  been  re-used  over  14.  times,  and  is  yet  in  very  good 
condition.  The  bracing  consists  of  2  sets  of  6  x  8-in.  rangers  with 
one  crOsE-bar  ofthe  same-diftieBBlohs,  but  it  has  been  found  that 
lighter  bracing  can  be  osed.  Thia  jiiliog  was  driven  by  hand, 
with  wooden  mauls  for  ahout  one-half  the  distance,  and  with 
iron  sledges   for   the   remainder,   a   special    cap   being  employed. 

The  average  ijost.of  40  pitsBheBithedwith  steet  piling  has  been 
$14.63  for  driving  and  S4.84  for  pulling,  or  about  2%  ct.  and  1 
ct.  per  sq.  ft.,  respectively.  The  steel  piling  cost  $222  per  pit, 
or  43  ct.  per  sq.  ft.  For  the  14  times  it  has  been  re-Used,  Uiis 
makea  a  total  cost  as  follows: 

8(Ml  intterUI   .-. (22^.00 

DriTlBg   14   tim« 205.«» 

mmm  u  tuoH esM 

Toto!  far  M  piw  ....: '....'. tIK.OO 

Atsnc*  COM  of  I  plt..r.; ~. -  36M 
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Thia  ehowa  a  saving  over  wood  of  about  $9  per  pit,  or  20%,  and 
the  steel  material  ia  BtHI  available  for  future  use. 

The  above  matter  has  been  compiled  from  an  article  by  Mr. 
F.  T.  Lewellyn  in  Engineering  Record. 

The  table  on  following  page  haa  been  abetracted  from  tbe 
Carnegie  Steel  Co.'s  booklet,  "  Steel  Sheet  Piling." 

Concrete  piles  ttaj  be  divided  into  two  classes,  those  molded 
and  hardened  before  driving  and  those  molded  in  place.  There 
are  several  patented  methods  of  driving  Hnd  molding  piles  in 


Y-^t^w 


Fig.  244.    Fig.  245.    Fig.  246     Fig   247     Fig.  248. 

Tig.  244.    A  core  and  cyllndticBl  culne  ara  first  driireo  to  the  rnquind 
eaib. 
Fill.  245.    The  core  ia  now  remoTBd  and  a  charge  of  ivncrete  daaip«d  to 

Fig.  246,    Tlifl  core  ii  now_uaed  a 


.    The  , 


Pig.  S47.    Tho  enl 
lop  with  wet  roncrete. 

Fis.  148.    Tbe  final  step  ia  to  withd 
irround.    The  completed  Pedeetal  Pile. 


■  left  ii 


being  completed  the  eaaing  ia  filled  to  the 

^rlindrical  caains  from  the 
..._g  of  a  monolithic  concrete 

broad  base  3  feet  in  diameter. 


place,  some  presenting  advantages  over  others  under  different 
conditions  to  be  met  in  the  work  and  soil.  He  Simplex  pile  em- 
ploys a  cylinder  to  which  is  fitted  a  cttst  iron  or  steel  point: 
nhen  the  pile  haa  been  driven  to  the  required  depth  the  cylinder 
is  filled  with  concrete  and  is  then  pulled  out,  leaving  the  point  at 
.the  bottom  and  the  wet  concrete,  settling,  completely  fills  the 
hole.  The  Pedestal  pile  is  constructed  by  driving  a  cylinder  and 
core  together.  When  the  required  depth  is  reached  tbe  core  ia 
withdrawn,  some  concrete  ia  poured  in  and  the  core  is  then  used 
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as  a  tamper  to  otHnpresB  the  conerete  below  the  cylinder  into  the 
ground  to  form  &o  enlarged  bearing  foot  or  "  pedestal." 

It  ia  evident  t^at  in  soft,  water  bearing  ground  or  in  ground 
below  water  the  above  metlioda  cannot  be  used  or,  if  used  in 
very  soft  ground,  there  cannot  be  anj  certainty  that  a  perfect 
pile  has  been  made,  and  the  result  at  best  must  be  doubtful. 
Such  conditions  are  met  satiefactorily  and  well  by  the  Raymond 
method. 


Fig.  249.  Two  Views  of  the  Foot  of  a 
Pile.  The  Urge  Irregular  Projeetio 
Cemented  into  the  Foot. 

JUynond  System  of  Conctete  Filing.  Of  the  two  classes  of 
concrete  piles,  prc'Cast  and  cast  in  place,  this  ayatem  is  the  only 
method  of  the  cast  in  place  class  wherein  a  permanent  form  is 
provided  for  each  pile. 

This  system  consists  of  a  collapsible  steel  mandrel  or  core 
tapering  from  8  inches  in  diameter  at  the  point,  at  the  rate  of 
.4  inch  par  ft.  in  length,  until  in  a  length  of  37  ft.  the  diameter  is 
23.2  inches.  Upon  this  expanded  mandrel  or  core  is  placed  a 
spirally  re-inforced  sheet  metal  shell,  the  reinforcement  of  which 
is  grooved  into  the  metal  on  3  inch  centers  and  for  the  entire 
length  of  the  core  or  pile.  This  reinforcement  provides  rigidity 
to  the  shell  and  renilers  it  capable  of  withstanding  very  severe 
soil  pressure.  It  also  prevents  foreign  substances  from  entering 
into  the  green  concrete. 

The  combined  mandrel  and  shell  is  driven  into  the  ground  to 
the  point  of  refusal;  the  mandrel  is  then  collapsed  and  withdrawn 
from  the  shell  leaving  a  permanent  form  for  the  pile.  The  fehell 
is  then  Inspected  on  the  inside  and  If  in  perfect  condition  from 
tip  to  top  is  filled  with  concrete  and  completed. 
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The  extreme  taper  of  the  shell,  combined  with  the  friction  be- 
tween the  shell  and  the  surroundiog  aoil  increaees  the  carrying 
capacity  of  the  pile.  The  safe  load  on  a.  Rajmoad  pile  varies 
from  25  to  30  bms. 

The   John    Simmons    Co.    are   supplying    sectional    casings    ip    ' 
lengths  of  4  ft.  to  20  ft.     The  sections  are  fitted  together  aa  tl 


Fig.  250,    Raymond  Piling. 

driving  proceeds  l)y  means  of  an  interior  sleeve;  the  pile  may  be 
driven  with  a  ca^t  point,  or  if  without  a  point  the  dirt  or  sand 
may  be  jetted  out,  the  concrete  in  either  case  being  poured  in 
when  the  pile  has  reached  the  required  depth.  The  particular 
advantage  of  this  pile  is  thEit  it  can  b^  used  where  the  head 
room   is  limited. 

Cast  piles  may  be  made  in  any  section,  circular,  square,  tri- 
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angular,  or  corrugated.  They  are  reinforced  with  bare  or  mesh 
or  with  barB  and  mesh,  or  with  bare  and  hoops  or  even  with 
built-up  sections,  as  I-beame;  in  short,  piles  are  reinforced  just 
as  columns.     They  are  driven  in  the  same  way  as  are  wooden  piles. 


Fig.  251. 

Piles  are  cast  in  borizoatal  molds  like  beams,  or  in  vertical 
molds  like  columns.  They  are  allowed  to  set  hard  before  forms 
are  ronoved  and  to  harden  thoroughly  for  30  days  before  being 
driven.  Often  an  iron  pipe  is  molded  in  the  pile  at  its  center 
throughout  its  length  for  use  of  a  water  jet  to  help  in  the  driving. 
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SouNDABD  Steo,  Fife  —  Black  i 
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lengths  are  i2  per  ton  extra. 

The  above  weights  are  per  length  to  lay  12  feet,  including  stan- 
dard EOcl»ts;   propoftiondte  alloWBJice'  to  be  inftde  for  any  varia- 


Oaapipc  and  le  ft. 


CU7  Drain  Ttl«.     The  following  arc 
quoted  in  New  Vork  Jan.,  1920. 

Size'  Appraiimato 

in  io.  weight  prr  i,W»  ft. 


the.pricea  p«r  1,000  Iln.  ft 
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Oott  of  Pipe  lAylns.    The  following  is  from  m;  notes  in  1S14. 

The  cost  per  linear  foot  of  pipe  laid  depends  upon  the  kind  of  | 
pipe,  involving  its  weight,  size  and  mode  of  lowering  into  the ' 
trench,  on  the  depth  of  the  treneh  and  obstruetiona  to  lowering  , 
due  to  sheeting,  etc.,  on  the  kind  of  joint,  whether  bitumen,  lead 
or  cement,  and  on  the  directorBhip  of  the  foreman  and  the  skill  of 
the  workmen.  A^  in  the  case  of  sheeting,  pipe  laying  requim; 
Hkilful  workmen.  Men  should  be-  carefully  trained  to  do  thit 
work  and  should  then  be  kept  at  it. 

Unit  Co»la  for  Small  Pipe.  In  Table  1  will  be  found  unit  cost* 
and  other  data  on  G,  8,  If)  and  12-in.  sanitary  sewer  pipe.  Thie 
pipe  was  vitrified  salt-glazed  clay  pipe,  and  had  joints  nrst  calked 
with  oakum  and  then  filled  with  hot  bitumen.  Two  or  tiiTtt 
lengths  of  pipe  were  joined  together  on  the  surface  of  the  ground, 
the  hub  and  spigot  being  first  cleans  of  any  foreign  autetances 
by  washing  with  a  solution  of  bitumen  dissolved  in  gasoline.  The 
joints  were  next  calked  with  oakum  and  then,  with  the  pipes  in  an 
upright  position,  the  jointa  were  filled  with  melted  bitumen. 
When  the  joints  were  cool  and  firm,  a  rope  having  a  hook  on  on* 
end  was  placed  through  the  pipex  and  hooked  to  the  lower  edge, 
in  which  position  the  pipes  were  lowered.  Another  method  of 
lowering  was  to  pass  a  rope  through  the  pipes  so  that  both  endp 
might  be  grasped  liy  men  on  the  surfaca  and  the  pipes  lowered 
horiiiHi tally.  The  lowering  and,  in  fact,  the  laying  were  retarded 
greatly  by  the  braces  which  held  the  sheeting,  and  also  by  thr 
great  depths  of  trench. 

After  a  section  was  lowered  into  the  trench  and  properly  lineil 


ID-hr.         QuantitT 
Siie  of  p«rtor-    per  joint,  lb. 


Ob*,      tin.  R.      ft. 


1.  n.     Tti     Oakom      BanuTka 


SbMtlDt 

SbeatiDK 
ShectlDK 
Sli««tiDg 


ShMtinc 

Sheatins 
ShMtlnc 
BhcMinc 
Shfetinf 
SbMlins 
ShMtliiit 

Solid  ihKtlnc 
Solid  ibMtinc 
Solid  ahratinc 
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trench.  12-in.  pipe,  M  in.; 

OBta  cemenling  the  pipe  jo 
n  o(  the  chargeE  tor  [orem 

18.1 

verage  IS.B 

•12C  =li-in.  ciTC 
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In  the  abore  unit 
og,  aiso  a  proportio 

17.1 

IB-in..  80  in,;  2t  in., 

ate  i>  included  with 
u  and  waterboy. 

in  both  horizontal  and  vertical  planes  the  joint  was  calked  with 
uBkum  and  filled  with  bitumen,  using  a  "  snake  "  in  tlie  same 
manner  that  a  leaded  joint  ia  run.  One  man  on  top  was  in  cliarge 
of  jointing,  and  another  man  was  responsilile  for  supplying  the 
men  in  the  trench  with  hot  tar,  aiNo  assiHting  in  lowering  the 
pipe.  When  not  bo  engaged  he  should  assist  the  Srst  man  to 
prepare  the  pipe.  A  third  man  was  needed  to  asHist  in  lowering. 
In  the  trench  one  regular  man  and  an  asaistant  had  charge  of  the 
jointing  and  alignment.  When  not  so  engaged  they  made  grade 
for  the  next  two  lengths,  using  the  material  thus  removed  for 
backfill  over  the  pipes  last  laid. 

Unit  CosU  for  Large  Pipe.  In  Table  2  will  be  found  unit  coats 
and  other  data  on  storm-water  sewer  piped,  12,  IS,  24  and  36  in. 
in  diameter.  All  joints  were  cemented  after  the  pipe  wan  lowered 
into  the  trench  in  single  lengths.  The  12-in.  pipe  was  of  circular 
section,  some  cement  and  some  vitrified.  Lowering  was  done  by 
liand,  using  a  rope  passed  thron{;b  the  length  of  the  pipe. 

The  15  and  2-t-in  pipe  UKed  in  llie  work  were  made  of  cement 
and  were  egg-shaped.  To  lower  these  into  the  trench  a  tripod 
rigged  with  a  dilTerential  block  and  tackle  was  used.    The  36-iD. 
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pipe  was  vitriSed  and  circular  in  section.    A  tripod  and  a  block 

were  also  used  here  in  lowering- 
Average  widths  of  trench,  6-in.  pipe,  30  in.;  8-in.,  32  in.;  lO-in., 

36  jn.;  12-in  ,  30  in. 
In  the  above  unit  coats  are  included  the  ccMt  of  preparing  pipe, 

laying,  calking  and  tarring,  and  a  proportion  of  the  charges  fw 

foranan  and  waterboy. 


c.  Google 
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PIPE  LUTE  TOOI£  I 

^ad  Xelttng  Fnmaoe,  pot,  bar,  grate  and'  ladle  on  two  wheela 
with  handle  and  stand.  Of  heavy  boiler  plate  with  wrought  iron  ' 
wheels.  . 


A  Gasoline  Iicad  Melting  Furnace  having  a  capMity  of  200 

lb.,  cnsts  S62,-  capacitT  of  325  lb,,  $54.  '.-,  I 

CalkinK  Hanmen,  3  lb.,  $\M;  4  lb.,  $1.25  handle^,: 
Calking  Tools,  set  of  5  tools  and  yarning  iron,  weiglitO  Ib^  price  | 

40c  per  lb.  sj       .'  I 

Lead  Wool  Tools,  cost  50c  per  lb.  ■  ;J  i 

DoK  Diamonds,  4  lb„  $1.76.  '       I'  \ 

Dog  Chiseia,  2Mi,  3,  SMj  and  4  Ih.,  40c  per  lb.  -^. 
Hand  Ctalseli,  %  octagon  steel,  40e  per  lb.  <J 

Rand  Diamond  Points,  %  oct«gon  st«e1,  40o  per  lb.  - 
BnntlnK  WtAgtt,  B  in.  long,  1  <4  to  2  )b.,  30c  per  tb. 
Asbestos  Joint  Unnsers,  raoge  from  iZAO  tor  the  %  in.  square 

for  4,  5  and  6  in.  ^pe,  to  $14.40  for  the  1%  in.  square  for  4S  in. 

pipe. 

Pipe  Jotnten  cost  from  «3.30  for  4  inch  pipe  to  $9.50  for  20 

inch  pipe. 
Sewer  Builders  Hauls  of  hicliory-  having  a  diameter  of  7  in. 

and  12  In.  in  length  weigh  about  24  lb.  and  cost  $4.00  each. 
8teel  Plank  Caps.    Box  caps  2  b;  6  and  2  bj  8  in.  coat  $2.75 

each.     Open  end  caps  2  by  0  in.  cast  $2.00  and  2  bj  9  In.  cost  $2.50 

Plank  Fnller  of  cast  steel,  for  2  in.  plank  $5.00,  3  in.  plank 
$7.00. 

Trench  Sraees  with  Hi  inch  pip«  barrels  and  1%  in.  screws  ex- 
tend safely  10  bi.  are  made  up  to  3  ft.  6  jn.  length.  The  longer 
braces  have  2  in.  pipe  barrels  and  1^  in.  screw,  and  extend  safely 
13  in. 

572- 
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^eigbtinlb. 

Price 

perdoi. 
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87.00 
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817 

»M 

ilfl      . 

All  the  forgoing  prices  a 


Fig.  2EZ.    Laying  48-in.  Water  Main  at  Buffalo,  N.  Y,    Width  of 
Cut  6%  ft.    Size  of  Brace  Used  4^  ft.  (Closed). 
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FXJUn:  BEHTAL  CHABGES 

The  foDowin);  lint  of  rental  charges  for  construction  equipmnt 
was  Bubmitted  1i;  an  eastern  contractor.  It  ia  taken  from  ai 
article  in  Engineering  and  Contracting,  Jan.  21,  1020. 

WmUt 
Equipment  rentM 

Boiler,  odI;,  30  bp.  and  gmalLer  tISOO 

Bgileronly,  30  to  80  hp 16  00 

Bucket.  el»niHlipU,  \yi lEJW 

0»rs,  «][ip.  lliid 2.00 

Oari,  stwl,  l;d.  ind  BraBlli-c    1.60 

Croihar  onljr,  Acme  No.  SM 23.00 

Cullfr.  bar  portable,  wilh  molot  O.BO 

DeiTick.  30  to  fi9  ft.,  woodeD,  bom  made  

Drill.  loiaU  air 

Drill,  sleUD  

Elevator,  platlorm  or  bucket,  1  yd 


Uolon.  BO  hp. »!«> 

Fninpa,  Mnlrifugal.  lO-la.,  belt  drivea.  with  ensine TJIO 

Pomp*,  pnliomeler,  to  (in ,  6.00 

Pump*,  3'in,.  wilh  gBBollDe  ensine  SM 

Pumps,  diaphnem.  with  tSDoUne  engine 3.60 

8bv  brneliei.  plain  3.00 

Saw  bencbea.  plain,  with  motor  or  laa  engine  ■ttaehed  ....  5.G0         I 

Saw  Bwinf  eotoff.  do  power  1.00         | 

Steam  shoreli,  reiol*lng,  tiaelion,  per  day 3t.00 

Traniiit 2.00 

In  eubmitting  the  list,  the  contractor  wrote  an  follows  concni' 
nag  his  firm's  policy  on  equipment  rental: 

The  plant  rental  sheet  waR  revised  the  first  of  this  year  and  wili 
be  reviied  again  tor  another  year,  probably  upwards.  Our  renti' 
basis  for  our  own  work  is  entirely  that  of  replacement  cost.  Ai! 
plant  costing  $150  or  more  whose  life  extends  over  a  period  k 
years  or  over  several  jobs  is  shown  on  our  detailed  list,  which  i- 
complied  from  our  experience  of  the  probable  life  of  each  tool 
There  are  three  classes:  i 

874  I 
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Claes  A  —  Tools  which  will  last  through  60  weeks  of  contiuu- 
ClasB  B  —  Tools  which  will  last  through  76  weel^  of  cbHtinuous 
Class  C  —  Tools  which  will  last  through  100  weeks  of  continUMU 

Our  rental  h  sufficient  to,  produce  enough  revenue  to  make 
extraordinarj  repairs  and  to  replace  the  plant  at  the  end  of  this 
length  of  time. 

You  will  find  that  these  rentals  are  uniformlj  low  because  they 
are  at  cost  to  ourselves  and  applj'  on  jobs  where  we  are  operating 
the  plant.  These  plant  rentals  go  into  a  costplus  or  fised-fee 
contract  as  a  part  of  the  job  coat  on  whicb  profit  is  figured. 

If  we  rented  the  plant  to  outsiders  we  would  charge  about  half 
as  mucb  again  for  it. 

Our  method  of  handling  small  tools  such  as  shovels,  picks,  ham- 
mers, etc.,  is  to  charge  their  entire  cost  to  the  job.  If  the;  are 
worn  out  they  become  part  of  the  job  cost.  At  the  completion  of 
the  work  an  inventory  is  taken  and  each  tool  is  appraised  in  co- 
operation with  a  representative  of  the  owner.  We  have  five 
grades;  {1)  New,  100%  <rf  first  cost;  (2)  good,  76%;  (3)  fair, 
50%  ;  (4),  poor,  26%;  (5)  worthless,  0%.  We  take  them  back  as 
per  inventory. 

The  following  notes  and  table  of  rental  values  of  construction 
equipment  are  from  an  article  by  Mr.  F.  J.  Herlihy  in  En^nsering 
Xeu>a  Record,  Jan.  15,  1020. 

The«>st  to  the  contractor  of  owning  equipment  may  be  broadly 
defined  as  comprieing:  I,  capital  investment i  2,  interest  on 
capital  investment;  3,  inenrance;  and  4,  storage  expense  during 
idle   time. 

The  column  in  the  table  headed  Original  Capital  Cost  is  in- 
tended to  show  typical  results  only  and  is  given  as  a  basis  «n 
which  the  details  of  plant  rental    ('both  eoAta  and  percentages) 

In  actual  practice  the  true  first  cost  of  the  equipment  should  be 
substituted  for  that  shown  in  the  table  and  the  analysis  worked 
out  accordingly,  using  as  the  other  factors,  the  fixed  percentages 
Khown.  Where  Uie  contractor  owns  several  machines  of  the  same 
class,  size  and  type,  wbich  cost  different  prices,  the  average 
original  coat  should  be  used.  Average  depreciation  only  is  con- 
sidered in  fixing  the  Tarious  factors  of  accrued  costs,  and  charges 
Bhown  in  tlie  table  as  depreciation  will  vary  for  the  different 
makes  of  equipment  on  the  same  class  of  work  and  will  be  de- 
1>endent  more  or  less  on  the  nature  of  the  work  for  all  classes  of 
equipment.    Average  equipment  working  under  ordinary  c<»idv- 
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tlMB,  covering  the  entile  time  the  contrkctor  njAy  be  in  buuness,  i 

JB  considered.  The  figurea  ehown  in  the  tablp  tor  repair  items 
«re  b«Md  on  present  prices  and  averagt)  conditions.  Thej  will 
vary  with  the  fluctuation  of  the  labor  and  material  market  and  I 
wfth'tlw  differMit  mnkea  of  equipment,  depending  more  or  leaa  on 
the  character  of  the  work  and  the  manner  in  which  the  equipment 
18 'handled.  The  perceotage  rate  ot  depreciation  and  the  averaf!( 
earning  days  per  annum  are  quantities  that  experience  alone  can 
measure,  a  perusal  of  the  recorda  of  contractors  who  have  been 
uatng'  tbe  eiass  of  equipment  imder  consideration  for  an  appre- 
ciable time  being  the  only  souri^  of  information.  The  factors 
used  in  the  table  for  depreciation,  average  earning  da^a  pti 
annuin^  and  shop  and  field  repairs  show  the  writer's  conclusions 
df  tliBlP'  Ealuei  baMd  on  his  general  eKperienee,  a  perusal  of  n- 
tensive  data  on  the  subject  and  the  records  of  a  large  grading 
ocnttraefeor.  Additional,  information  was  secured  from  severd 
montihil'  attendance  at  arbitration  proceedings  in  which  more  thai 
$000,000'  worth  of  rental  chargea  on  equipment,  similar  to  thai 
shown  'in  the  table,  were  part  of  the  issue.  Several  weeka  were 
spent  on  the  principles  and  r&t«s  of  rental  exclusively,  and  much 
expert  testimony  was  e:dduced  by  both  sidee.  The  finding  of  the 
orMtratora,  while  not  allowing  all  rental  claimed  for  other  rea- 
sons, approved  the  rates  of  rental  contended  for  and  the  principle! 
thereof  in  most  instances.  The  rental  rates  in  that  case  -wen 
based  on  practically  the  same  percentageit  and  principles  as  thoM 
jr  the  table  shown  here,  the  cost  of  repairs  being  practically  tbr 
only  departure.  As  the  rental  factors  in  that  case  were  based  on 
pre-war  cenditions,  this  departure  is  necessary  to  bring  the  cost 
of  these  items  into  conformity  with  present  values.  Proceedin; 
to  analyze  the  different  cost  elements,  we  have:  — ■ 

Different  Celt  ElemenU.  Original  Capital  Coat.  This  elemeo: 
cepresents  the  first  cost  of  the  equipment  which  must  be  recov 
ered  by  charging  oH  the  depreciation  periodically  and  from  tbr 
proceeda  of  its  sale  at  the  end  of  its  useful  life.  In  fixing  tin 
annual  rate  of  depreciation  (average  betwe^i  idle  and  werkin; 
tiitte)  due  credit  has  been  given  the  first  cost  of  the  equiptnen: 
tot-  its  sorap  or  obsolesceat  value.  The  rate  shown  repreeenb 
simply  the  rale  of  depreciation  reduced  to  terms  of  original  cost 
wiieh,  if  applied  annually,  against  the  first  cost,  will  take  cai' 
of  the  difference  between  first  cost  and  the  sale  price  at  the  eiu 
of  the  useful  life.  Obsolescence  is  considered  as  being  Teacheil 
with  any  piece  -of  equipment  when  it  must  be  discarded  for  ont 
that  will  do  the  work  more  economically. 

Interest  on  Capital  InTcatment.  The. rate  shown  in  the  tabk 
represents  the  rate,  which,  if  applied  annually  againat   the  ini 
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ost  of  the  equipment,  viU  take  care  of  jntereet  charges  against 
he  capital  inveetinent  throughout  the  useful  life  of  the  equip- 
nent  at  the  ciiHtomar;  rate  of  0%  per  annum  on  the  average 
apital  value.  Assuming  the  sale  price  o(  the  equipment  at  the 
nd  of  the  useful  life  at  25%  of  the  first  cost,  this  tnakes  the 
verage  capital  value  of  the  equipment  62^%  of  the  first  coet. 
''or  machines  whit^h  have  no  sate  value  at  the  end  of  the  useful 
ife  this  becomes  50%  of  the  ftrat  cost 

Inanrasoe  and  BUtmgt  Ihirlns  Idle  TIm«.  These  two  items  of 
xpense  hsve  been  combined  In  the  table  becanee  they  are  more  or 
ess  related  and  the  insurance  item  is  less  than  1%  per  annum  of 
he  original  capital  cost.  The  charge  for  these  elements  of  ro«t 
nolude  interest,  depreciation,  and  maintenance  of  etorags  facill- 
iee,  and  all  eiqiense  incurred  for  the  storage  of  equipment.  It 
.Ibo  incladee  the  expense  of  insurance  on  storage  facilities  and 
onatructlon  equipment.  Hie  annual  percentage  rate  shown  in  the 
able  IB  based  on  an  annual  cost  of  $15,000  to  cover  these  items 
if  expense  on  a  construction  plant  the  lirBt  cost  of  which  was 
1400,000. 

The  columns  headed  "  Rate  of  accrued  charges  on  original  cost" 
.nd  "  Total  annual  charge  "  in  the  table  sum  up  the  percentage 
Lod  money  charge  respectively,  that  must  be  applied  annually 
[gainst  the  first  cost  of  each  piece  of  equipment.  These  columns 
imply  sum  up  the  interest,  depreciation,  insurance  and  storage 
terns  just  described.  The  values  in  the  column  headed  "  Total 
nnnal  charge"  will  vary  with  the  original  capital  cost,  but  those 
hown  in  the  percehtsge  column  will  remain  constant  and  they  are 
lie  key  to  finding  the  actual  annual  charge  to  be  made  in  all  cases. 

Having  arrived  at  the  annual  cost  to  the  contractor  of  owning 
he  equipment,  the  npxt  thing  to  ascertain  is  how  to  apply  the 
harge  against  the  dilTerent  contracts  in  order  to  come  out  wholei 
n  tnaking  this  application,  it  is  necessary  to  understand  that 
here  is  of  necessity  a  certain  amount  of  idle  time  between  con- 
racts  during  which  the  contractor  has  no  work  against  which  to 
pply  the  accrued  costs  of  owning  the  equipment,  and  that  con- 
ractors  engage  in  the  contracting  business  to  stay  indefinitely. 
t  natnrally  follows  'that  the  contractor  ntust  carry  on  hand  at 
.11  times  enough  equipment  to  enable  him  to  bid  on  work  with  a 
ertainty  that  he  can  equip  the  work  in  the  time  provided  for  by 
he  apecifi cations.  The  contractor,  therefore,  who  fails  to  include 
harges  in  his  plant  rental  rate  during  the  earning  time  of  the 
quipment  that  will  absorb  the  accrued  conta  during  the  idle  time 
■etween  contracts  upsets  the  very  foimdations  of  sound  Inisiness 
irinoiples  and  faces  inevitable  losses,  either  by  way  of  being 
orced  to  dispose  of  the  equipment  quickly  at  the  beet  price  ob^ 
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tainable,  or  by  asauming  the  accrued  coats  of  holding  it  during 
the  idle  time  between  contraets.  Of  coufBe,  there  la.  the  alterna- 
tive of  renting  the  equipment  during  the  idle  time  but  that  too 
has  its  uncertaintiet,  as  a  renter  will  not  always  be  available 
If  these  premUea  are  correct  the  number  of  earning  days,  gt 
the  number  of  calendar  dsyH  on  which  the  equipment  is  assigned 
to  work  per  annum  Ib  the  factor  to  apply  to  the  total  annual 
charge  in  arriving  at  the  correct  daily  rental  charge  to  be  made 
against  the  wurk.  By  this  method,  the  total  accrued  costs  of 
owning  the  equipment  is  absorbed  by  the  earning  time  of  the  equip- 
ment and  the  enforced  idle  coats  properly  accounted  for.  Tbe 
average  number  of  earnin;;  days  per  year  for  the  different  classes 
of  equipment,  baaed  an  the  information  dencribed  at  the  begianin^ 
ot  this  analysis  is  shown  in  the  table.  The  values  shown  reprt- 
sent  the  numtier  of  calendar  days  and  not  actual  working  day! 
intervening  between  the  time  the  equipment  has  been  shipped  tu 
the  work  and  its  return  to  the  storage  plant,  or  until  it  has  been 
assigned  to  another  job.  In  other  words,  rental  should  be  charged 
Bgainxt  the  work  fur  each  and  every  calendar  day  on  which  the 
equipment  is  assigned  to  the  work,  working  days  being  too  uncer- 
tain a  factor  on  which  to  t>a8e.  The  column  headed  "  Daily  charge 
for  interest,  depreciation,  ineuranca  and  storage"  represents  the. 
Taloes  arrived  at  by  dividing  the  annual  charge  for  accrued  &\ 
penses  and  charges  by  the  averai^e  nunit«r  of  earning  days  per  I 
year.  The  rates  shown  in  the  column  should  be  used  only  in  mak- 
ing charges  on  work  of  tiurh  duration  as  to  permit  of  shop  and 
fleld  repairs  being  charged  directly  against  the  work. 

Ifatnlointiijr  Equipment  in  Useful  Condition.  Haying  disposed 
of  the  coat  to  the  contractor  of  ownLi)^  the  equipment,  there  re 
mainH  the  expense  of  maintaining  it  in  useful  condition.  This  e\ 
pense,  as  before  stated,  comprises  the  elements  uE  general  or  shop 
repairs,  and  of  field  repairs  All  construction  equipment  must  Ik 
overhauled,  and  renewals  and  major  repairs,  commonly  designated 
as  shop  repairs,  made  periodically.  The  coat  o(  these  repair- 
per  earning  day,  is  shown  in  the  table.  The  expense  of  makin;: 
these  repairs  cannot  ordinarily  be  charged  directly  against  tlir 
work,  as  they  usually  acorue  on  several  .contracts.  .  The  rao^x 
satisfactory  method  of  handling  tliem  is  to  provide  a  sinking  fund 
by  charging  in  the  rental  rate  as  amount  daily  that:  will  accumu- 
late a  fund  sulhcient  to  cover  the  coat  of  these  repairs  at  8ucl< 
periods  as  they  are  required.  It  ia  this  daily  ch,arge  that  is  shonii 
in  the  column  headed  "General  shop  repairs  daily"  in  the  table  | 

Daily  Rental  Value  Including  Shop  Repairs.  In  the  column  I 
of  the  table  headed  "  Daily  .rental "  will  be  found  the  values  at ' 
r«at«]  per  earning  day  for  the  diffeirmt  classca  of  equipntent,  is- 1 
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eluding  tbe  atlowanee  for  Binking  fund  to  take  pare  of  shop  repairs. 
This  repreaenta  the  daily  rental  charge  that  should  be  made 
againat  eavh  piece  of  equipment  on  ordinary  work  to  take  eare 
<jf  the  annuat  charge  and  »hop  repairs.  It  is  tbe  values  ^own 
in  Ihifl  column  ol  the  table  that  ishuuld  be  u»ed  for  all  jobs  except 
those  which  are  of  too  short  duration  to  allow  tor  field  repairs 
to  he  charged  directly  against  the  work  and  those  which  are  long 
enough  to  allow  both  field  and  shop  repairs  to  be  charged  directly 
against  the  work. 

Field  Repairs.  Field  repairs  are  generally  charged  up  directly 
against  the  work.  They  comprise  simply  such  minor  repairs  and 
replacements  as  are  due  to  the  ordinary  breakage  and  wear  of 
jiarte  that  must  be  taken  care  of  on  the  job  to  keep  the  equipment 
running.  Tbe  column  heacled  "  Est.  coat  field  repairs  daily "  ■ 
gives  the  value  of  these  repairs  per  earning  day. 

Total  Rental  Chargee.  There  is  a  final  column  in  the  table, 
headed  "  Total  rental  charges  daily  including  field  repairs "  in 
u'hich  the  daily  chaise  shown  in  the  column  headed  "  Daily 
rental"  is  augmented  by  the  addition  of  the  field  repair  charge. 
This  column  is  given  for  the  information  of  the  estimator  who 
is  concerned  only  with  the  total  cost  daily  of  equipment  to  the 
work,  ea  his  charges  must  also  include  the  field  repairs  in  making 
up  the  tender.  The  values  in  this  column  are  also  used  in  charg- 
ing out  rental  on  jobs  of  short  duration  where  there  will  be 
practically  no  field  repairs,  thereby  preventing  the  charging  of 
the  field  repairs  directly  to  the  work. 

In  cases  where  force  accouut  jobs  come  up,  requiring  the  use 
of  equipment  for  short  intervals  of  time  less  than  weeks,  it  is 
recommended  that  charges  be  made  on  a  working  day  basis  instead 
of  tha  earning  day  baais  abown  io  tbe  table.  In  this  manner  the 
lost  time,  including  holidays  will  be  taken  care  of.  It  will  be 
uBuali;  found  that  an  increase  of  25%  on  tbe  total  rental  rate 
including  field  repairs  will  cover  this  condition. 

It  ehould  be  kept  in  mind  that  all  values  shovm  in  the  table 
for  equipment  rental  abow  actual  coats  and  do  not  include  any 
element  of  profit.  Should  the  equipment  be  rented  to  outsiders 
a  profit  should  be  added  to  the  above. 


c.Googlu 
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Rental  Rates  rOB  Graiosg 
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All  flteel  BoDter  Flows  to  be  operated  b;  from  2  to  12  borses  os 
the  equivalent  tractor  depending  on  the  character  of  the  wort 
weigh  280  lb.  and  cost  $60.  Extra  reversible  points  weigh  25  lli 
itnd  coat  £7, 

Hard  Fan  Booter  Flows  for  tearing  up  hard  streets,  cobblt 
pavements,  shaly  rock,  gravel,  hard  pan  or  for  any  work  where  ' 
common  plow  cannot  be  used  coat  $30  and  the  estra  points  co^ 

$e.50. 

Plows,  of  one  make,  suitable  for  road  work  are  as  follows: 


Type 


Weight 
in  lb. 


Rooter  plow 4  2S5  30^ 

Rooter  plow,  with  extra  point  6  310  51.00 

Rooter   plow    12  516  77.B0 

Plows  marked  with  asterisk  are  furnished  with  extra  share. 

Wing  or  Dltot  Flows.  These  plows  are  designed  for  making. 
cleaning  and  filling  ditches,  tile  trenches  and  sewers.  A  plo« 
for  use  with  two  or  three  horses  costs  $45.50,  one  for  use  wilt 
four  to  six  horses  costs  $48.50,  and  one  for  use  with  from  eight  to  I 
ten  horses  costs  $70.00.     AH  prices  f.  o.  b.  Chicago. 

Tfsingr  Flow  to  Open  FaTements.    The  following  by  Mr.  C.  -A. 

Bryan  is  from  Engineering  Record,  July  25,  1014.     Plowing  wsil 

fiS4  I 
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the  method  adopted  to  break  up  BtoDe-surfaced  Btreeto  in  Carlitlft, 
Pa.,'  aa  the  preliminary  operation  in  'the  CHMiatouction  of  a  aew 
Bewerage  ayBt«m.  The  beam  of  iba  blow,  which  woa  designed  to 
loosen  the  material  to  a  depth  of  12  in.,  was  nuide  from  a  well- 
seasoned  piece  of  hiclcory,  8  in,  square  and  12  ft.  4  in.  long. 
The  point  or  ripping  derice  was  rigidly  attached  to  one  end  of  the 


Fig.  253.     ContraetorB'  Two  or  Four  Horse  Plow. 

Iwam,  and  a.t  the  other  a  Hubstantial  iron  eye  was  provided  through 
which  stout  chains  could  be  passed  to  attach  the  plow  to  the  ma- 
chine that  was  to  haul  it.  The  point  or  ripper  was  of  manganese 
st«el  1^  in.  thick  and  37^  in.  long  and  was  beveled  at  each 
end;  the  bevel  amounted  to  G  in.  at  each  end.  The  point  projected 
8  in.  in  front  of  the  cutting  edge  and  was  rigidly  attached  to  it  by 
Bteel  plates  V2  In.  thick  placed  on  each  side  of  the  cutting  edge 


Fig.  254.     Rooter  Plow. 

and  securely  bolted  to  it  by  %-in.  bolts.    These  same  plates  were 
similarly  .bolted  to  the  point  or  ripper. 

The  cutting  edge  was  made  of  a  piece  of  steel  1^  in.  thick  and 
IS  Ml  in.  square.  The  front  or  cutting  edge  was  V-shaped  in  or- 
der to  decrease  the  resistance  of  the  plow  in  passing  through  the 
ground.    As  a'piec«  it  was  rigidly  attached  to  the  under  aide  of 
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the  beem  by  means  of  two  Sx3^x%-'m.  angles.  The  abort 
legs  of  bolh  anglea  were  bolted  to  the  beam  by  9i-iii.  bolls  whid 
passed  entirely  through  the  beam,  and  the  cutting  edge  was  ii 
turn  bolted  to  the  long  legs  of  these  angles  by  9i-in.  bolt*  psaainf 
tiiTough  both  the  IVi-in.  plate  and  the  leg  of  the  angles.  Tbt 
point  or  ripper  was  thus  secured  about  24  in.  below  the  beam. 

To  strengthen  the  sides  of  the  beam  a  piece  of  hand  iron  Qsit' 
X  \ii  in.  was  securely  bolted  to  each  side  at  the  rear  of  the  pim 
and  two  narrower  pieces  served  the  same  purpose  at  the  frai: 
end.     Tlie   plow   was  guided   by  means   of   handles. 

To  facilitate  moving  the  plow  from  place  to  place  a  \v 
wheeled  truck  was  built.  This  truck  carried  a  sort  of  iron  locr 
Into  which  the  point  or  ripper  could  be  slipped,  thus  raising ' 


Fig.    2SS.     Working   Plow   with    Steam   Roller. 

! 

about  6  in.  above  the  ground  and  allowing  the  plow  to  be  eiA 
hauled  about.  An  iron  wheel  about  6  in.  in  diameter  was  i' 
tached  near  the  front  end  of  the  plow. 

The  plow  was  designed  to  l)e  hauled  behind  a  steam  roller. ' 
which  it  was  attached  by  means  of  heavy  iron  chains.  Tt 
method  of  operation  was  as  follows:  The  center  line  of  the  aer'- 
trench  was  first  located  by  the  engineer,  who  drove  nails  ' 
ft.  apart  in  the  surface  of  the  street.  A  line  was  then  stretcii" 
from  nail  to  nail  and  a  laborer  passed  along  It,  distributing  H 
clay  as  he  moved.  This  line  of  clay  cleirty  defined  the  center  li' 
of  the  ditch  and  aeted  as  a  guide  for  both  the  man  operating  tli 
roller  and  the  men  steering  the  plow.  A  hole  was  then  dug ' 
one  end  of  the  block  to  be  ripped  up  end  made  large  enough  ' 
set  the  plow  Into  it.    The  plow  was  put  into  place,  the  enf^ie 
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attached  and  the  plow  dragged  slowlj  along,  following  the  center 
line  as  marked. 

Generally  it  was  found  Qecessarf  to  drag  three  or  four  times 
over  the  ditch  in  order  to  loosen  c<HupIetelf  the  stone  Eurfacing. 
In  this  way  it  wbb  found  that  the  stone  surfacing  would  be 
loosened  (or  a  width  of  about  1  ft.  each  side  of  the  center  line  of 
the  diteh  and  for  a  depth  of  between  1  and  1  ^  ft.  below  the 
surface  of  the  street.  The  gang  was  composed  of  four  or  five 
men  —  one  man  to  Ofisinte  the  roller,  two  to  ateer  the  plow  and 
one  or  two  on  the  front  end  of  the  plow  in  order  to  hoM  it  down, 
as  it  always  exhibited  a  t«ndency  to  rise.  Usually  between  two 
and  three  hours  were  required  to  plow  up  the  surfacing  on  a  ■ 
block  averaging  500  ft  in  length. 

The  results  obtained  were  very  BUcceseful,  as  the  plow  left 
the  surfacing  materials  so  thoroughly  loosened  tliat  they  could 
l>e  easily  rnnoved  with  pick  and  shovel.  Stones  fully  1  t\i.  ft. 
in  sise  were  removed  by  the  plow.  It  wbh  found  that  the  plow 
would  loosen  almost  any  atone  that  was  uied  in  constructing  a 
road,  but  it  could  not,  of  course,  affect  solid  rock.  It  would 
also  rip  up  without  much  difficulty  crosswalks  built  of  grouted 
paving  brick.  On  some  streets  conHiderable  difficulty  was  ex-  i 
perienced,  this  being  especially  noticeable  on  those  streets  where 
the  solid  rock  projected  into  the  street  surface.  In  one  instance 
this  resulted  in  the  breaking  of  the  plow  beam.  It  wa^  also  found 
tht.t  the  cutting  edges  required  frequent  sharpening  in  order  to  get 
the  best  results. 

The  accompanying  table  gives  the  estimated  copt  to  the  con- 
tractor of  the  work  of  ripping  up  the  street  surfaces  on  all  the 
blocks  <Hi  which  this  plow  was  used. 

CoeTa  OF  RiPPiSQ  Up  PAvEKENxa  with  Plow 

PsTUiUii,  147  hoDR  St  £G  cenu  t  S6.TS 

Boui.r.    inc.udiOK   initineei.    oil,    fuel,    etc.,    210   houn    st 

EO  lenta  105.00 

Labor,  «0  honn  st  ITS  cent*  7B.T5 

OHgins]  cOHt  of  plow  Sa.OO 

Repairs  (eiUmsted) :...     20.00 

Total  cost  to  eoutractor PS5.S0 

LiDs*r  [eet  of  atnet  sarfuins  ripped  ap  (sitiiiiatod) 22,000 

■"-" — "*  ten  porlinesr  toot  of  trench  tOJUB 
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SECTION  72 

POST  HOL£  DIOQESS 

I 
Post  hole  diggers,  net  prices  f.  o.  b.  St.  Lonis;  are  as  foHowi: 

Length  of  Wt.  per  Price 

Hadpinin.        doi.  per  doi. 

OhuDpJon,  iron  hsDdle  «                 1I»  IIR.W 

Eureka,   wood  hflndlee   9                 112  W.OO 

InTindbte,   wood  handles 10                 10!      '  22.00 

Buckeye,  wood  taandles   6ii             IK  30.00 

Post  hole  augers. 

Diameter  of  Wt.  per          Price 

blade  in  in.  dm.           oer  dm. 

Ivan  paltarn  6  102 

7  111 

9  120 

10  130 

Vaushan    G(o8  4StaeO 


26.10 
IS.EO 


Fig.  256.     Ufling  Post  Hole   Augers  to  Dig  Holes  for  Posts   for 
Office  Building,  Forest  Hills,  N.  Y. 
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SECTION  73 

POWEE 

(See  Boilers.) 

Mr.  Wm.  0.  Webber,  a  consulting  engineer  of  Boston,  has  pub- 
lished Home  very  intereating  and  moat  important  figures  to  show 
the  comparative  cost  oE  gasoline,  steam,  gas  and  electricity  for 
Binall  poweTB,  Uis  data  have  been  compiled  on  the  basis  of 
yearly  operation,  the  year  comprising  3,080  hours,  and  for  pur- 
poHce  of  work  in  the  Northern  climate  these  will  have  to  be  modi- 
fied to  anit  the  apeclal  case  In  point.  I  have,  however,  ab- 
stracted the  tablet  without  attempting  to  change  them. 

I. —  Cost  of  Gasoune  Powee  (1012) 

Size  of  plant  In  batm- 

power    2  fi  10  2n 

Price  of  engine  in  pLue  tlGO.OO       t   325.00       t   BOO.OO       t  l^-OO 

OiBoline   p*r    B.    H.    P. 

per    hour    tSB»I.  Mai.  lftg»l.  H  gid- 

•Oott    per    gallon    t    0.22       t      «.^       t      U.19       t       0.18 

=  COM  per  3.0SO  haun  (131.93       t   924.00       t   ST3,13     •tl.SEli.OO 

An^ndanFe  a(  fl  per  day  3D3JW  308.00  303.00  308.00 

Intereat.    B%    7.60  1825  26.00  37.50 

DfpreeUtion,    6%    7.M  IS.JS  S500  3TJiO 

Repair*,    10%    15.110  32.50  50.00  76X10 

Bopiiliea.    20%     30.00  65.00  100.00  150.00 

InanTanre.   2%    3,00  B.60  10.00  lE.OO 

TauM,   1%    1.50  3.25  5.00  7.B0 

Power  coit    I824.0S       |1,3T1,75       tl,4»8.13       »2,01B.BO 

To  these  Agures  should  be  added  charges  on  space  occupied,  as 
follows : 

Value  of  space  occupied  tlOO.OO       %   150.00       t  8M).0O       f   300.00 

Intereit,    5% t  5.00  %       7.50  |     10.00  |     15.00 

Repsin.    1%    2.00  3.00  4.O0  «.0O 

Ingnruiee.   1%    1.00  1.60  tOO  3.00 

Tiuea,   1% 1.C0  1.60  i-OO  8.00 

Total     ammal     charge 
for   apaoe )    9.00       I     13.50       I     18.00       t     OT.OO 

TdUI  coat  per  Bonum  t833.03  tl,3S6.ZS  11,510.13  (3,04S.50 
Cost  of  1  horwiiowpr  Tier 

annum  lOhour  baaiN   .    4IS.51  2tS.8T  151.01  102.1T 

Ooat  of  1  horsepower  per 
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II. —  Cost  of  Electbic  Cubbeht  (1912) 
Th«  mata  for  the  ekctrib  current  which  are  used  id  this  table 
are  figured  Irom  the  discount  table  shown  as  follows; 


Monthly  BiU.                         Disconn 

ta. 

Monthly  Bill. 
HOD  to  tUG    .... 

Distounw. 

75  to  100 :;;:;:::::;;;:::::  U% 

ISO  to    176    .... 
175  to    200    .... 
200to    500    .... 
500  »nd  over  ■■ 

85% 

for  2-kanepower  ptant; 

3.080fan..xafcp,  )C0.7« 

S.« 

4,10  KW.  hr.  par 

nnum 

arr»  Effic. 

B,604.1  X  tn.lOfl  =  J7W,56 
Monthly  bin  = 
tJM.6S  X  70%  = 

.noQ.l  rofit  without 
»M.    Di8CouBt-M% 
$^.6a  =  Aoniul  COM. 

diacaiuit. 

For  O-liorBepower  plant: 

0.748  X  M.115  X 


S&%  EtAc. 
HoDtbly  cost  =  1130.  Dlieount  =  5G% 
For  10-horupower  pluit: 

3,080  X  10  X  0,»6  X  0.135  X  «%  ^ 
'     ~~  ST% 

Monthly  cost  ^  fSSS.    I>iKDDnt  =  »1% 
For  20-lior»epower  plant; 

3,080  X  20  X  a.^^e  x  o.ias  x  ss^ 


Monthly    coat  =  (585.    Discount  =  05% 

8iie  of  plant  in  hp 2  6  10  30 

Cost  of  motor  In  pUce  (83.00  1118.00  K18.00  tZTO.m 

With  wirint.   etc 100.00  130.00  SmStt  SOO.OO 

0»l  of  electricity,  3.080  hn:tSaM  t  B78.00  t1.42S.00  12.160.00 

Attndance     20.00  30.00  50.00  60.00 

tnUTMl,    S%    5.00  0.50  12.00  1G.0» 

DtprMtatlon,  10%   10.00  13.00  24.00  30.00 

Brpalm.    E'X'    5.00  «.50  12.00  15.00 

Bonnliw,    1%    1.00  1.30  2.40  3.00 

Inmrauce.    2%    2.00  2.80  4.80  0.00 

Taio,   1%    1.00  1.30  2.40  3.00 

■IWal  cost  per  annnni   ..tGI3.5e  n,037.!0  Sl,»2.n  12,571.00 

Coat  of  1  hp.  per  ■■nnm,  lO-hODT 

basia     128A.78  8172.81  1161.20  1128.60 

Cost  of  1  hp.  par  boor  tO.0028  tO.0658  fO.om  t0.041T 


Ill,— Cost  DF  Gas  Poweb  (1912) 

BB  powfr  n^nf  prodneer  gti.  aa  il  woald 

eBlimaU 
not  pay  1 

.  is  m»d8 
to  put  in  1 

on  the  cost  ol 
.  gas  proda««r 

if  pBid 

in  10  daja  -  |l.a)  net. 

Size,  of  pUnt  iQ  bp 2 

EdEIDo  cost  If  10. place   ...1200.00 
Oas  per  bp.  in  tart  SO 

8 
(STB.OO 

1551.40 
SoJ.00 

37.50 

10 

27i0 
55  OO 

|1,M0.00 
(1,478.00 

11 

105'00 
210.00 

AHondance,  n  per  day   ....  308  00 

Inlerpst.    S%    lOJlO 

DeprpclMion,    G%    lO.OO 

Repairs.  lA    .7. lO.no 

SnjipllBS.    20%     40.00 

Total  rost  per  aanum  ....HM.TC     tl,«e7.1S     tl,405.«     (2,284.50 
Cost   of   1    bp.   per   annum. 


IV, —  Cost  or  Bte4m  Powbb  (1912) 

Slieof  plant  in  bp 8  10  20 

OMt  of  pUni  per  bp 1250.00  122C.00  (200.00 

Filed  (barge,  14%   35.00  30.90  28.00 

Coal  per  bp.   hour.   In  lb 20  15  12 

Oort  of  coal  at  15  per  ton    1154.«a  tllH.OO  1  S2.50 

Attendance.  3,060  boon   75.00  50.00  30.00 

on   WMW   and   euppUcs 15.00  10,00  8,00 


I,   10-hr.  baata 127».0a      IIM.SO      1116.50 

—      i0.«76 


Coat  of   i  bp.  per   boar    10.0908     (0.0832 

Mr.  Webber  has  elaenhere  oiMerved  the  fact  that  a  gas  engine 
of  Biagte  cylinder  type,  which  will  operate  on  %  gal.  of  fuel  per 
hp.  at  full  load  will  perhaps  require  over  a  gallon  of  hp.  at  a 
10%  load;  and  a  gmall  Hteam  engine,  which  will  run  on  6  pounds 
of  coal  per  hp,  per  hour  at  full  load  may  need   15  pounds  at  ^ 

Mr.  W.  0.  Webber  haa  also  giTen,  in  the  Enffuteering  Maga^ne, 
some  interesting  detailed  figures  on  the  eost  of  steam  plant  in- 
stallation, -which  are  given  in  the  following  table; 

Cost  or  iKSTALLATioit  or  a  lO-HoKsf»)wi»  Stbau  Pi^nt  ( 1Q12) 

Land  for  engine  and  boiler  room,  300  aq.  ft.  @  11.1300,00 
Bdter  and   enEJne  room   bulldinE,  300  aq,   ft.    ® 

(1.MI   450.00 

Chlnner,    10"x40'     400.00 

tX,WIM 
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lO-hoTsepower  boiler , 211.00 

Boiler  toandalion  sod  eeitiDg,  S.MO  C.  B.  9)0  T.  B.  110.00 

Blow-off  tank    SUM 

Damper  aad  reeuUc<tF  ..-.-...-<......    7G.0O 

InJeMor    lank 10.00 

Waler   meler    W.OO 

Piping  (or  Mine   : 20.00 

Pump  and  VKUum   122.00 

Peed    water    li»aier    <0.00 

Pipe  eoverinc  SO.OO 

'      788.00 

Engine,  7  by  10  1181.00 

Foundation  (or  eame    GO.OO 

Sleam   aeparator    15.00 

Oil  separslor   Km 

Piping (5.0O 

Frei(ht  and  carlase   10.00 

-.—         *a9.00 

12,378^ 

Cost  of  Installation  of  a  60-Horsepoweb  Steam  Piant  (1912) 

Land  for  eosioe  and  boiler  room  fZ.eOO.OO 

Buildings  for  engine  and  bolltr  room   2,M0.O0 


1,200.00 


Asb   pan   lor   boiler    (below   hiih   tide   liyel)...     120M 

Boiler   and  engine  (etUnga   l,ffl£J)0 

Blovoff    lank     MJW 

Damper  regulator   7W0 


Pipe    covering    70.76 

2.877.78 

Engine.  12  by  30  tl,0€i.00 

Pan  (or  engine  fly-wheel 7J.00 

Oil  aeparaior . . ^\\\v^\'^'.\'.'.'.'.'.'.'.'^\'^'.'.'.'.'.'^'.'.'.    «;» 

Piping,  freight  and  eartage I,02e.« 

Shafting  in  place  t  SBOM 

Belting  in  place   as.m        ^^ 

tii,>77.9e  -i-K  —  ties.ej  pet  bp. 

Mr.  Wm.  E.  Snow  has  contributed  to  the  engineering  presB  Bone 
estremely  useful  tables  of  the  vairiouH  coats  of  steam  plant  for 
different  sizea  of  installation. 

From  hia  figures  of  IQ08  I  have  compiled  the  following  three 
digrams,  Figs.  257,  ,258,  259,  which  ahow  graphically  the  efTect 
of  aiie  of  plant  upon  tbs  various  elements  of.coet. 

First  Cost  and  Cost  of  Operating;  Power  Plants  for  Driving; 
North  BWer  Tunnels  of  PennsyWania  Railroad,  Hew  York  City. 

(Extract  from  a  paper  entitled  "The  New  York  Gxtfinsion  of 
the  Pennsflvania  Railroad  North   River  Tunnels,"  by   B.   H.   M. 


POWER  SOS 

Hewett  and  W.  L.  Brown,  Proceedings  American  Society  of  Civil 
Kngineere,  1910,  Vol.  XXXVl,  p.  BTO.)  Two  power  plants  were 
constructed,  one  on  ea,ch  aide  of  the  river.  The  plants  contained 
in  the  two  power  houees-  were  atmoat  identical,  there  being  only 
slight  differencea  in  the  details  of  arrangement  (Tue  to  local  con- 
ditions. A  liat  of  the  main  items  of  the  plant  at  one  power  liouae 
is  shown  in  Table  I.  A  summary  of  the  first  cost  of  one  plant  is 
given  in  Table  II. 


Fig.  257.  Approximate  Yearly  Coats  of  Steam  Power,  150  Days, 
ID  Hours  per  Day,  Simple  Condensing.  Plotted  from  Data 
Compiled  by  VVm.  E.  Snow,  1808. 

Table  I  — Punt  at  One  Power  House  (1010) 

Description  of  Hem.  Cost. 

3500IIP.    ■'Hterlube    Sterling   boilers    I  15.1S« 

2lmd  pumpi.   GMrge  F.  Blake  UHnafsctiiring  G<(.    T40 

1  Heary  R.  War  tli  in  Eton  turfau  condenBer   6.S39 

2elenrIci1lT  drlTeo  drcul&tiDg  pumps  on  river  front  ...  E.Hl 
3  hxr-preBiurs  eompresson,  In eergoll  Sergeant  DriU  Co.  33.TBO 
1  high.preuure  comprenor.  Ingerboll'SerEesDl  Drill  Co.  ..      B,ee5 

3  hrdrauUi:  powiT  pumps,  George  F.  Blske  Mfj.  Co a.O'S 

t  (SiEeral   Elerlrii:   Oo.'s   BBneralora    coupled  to  Bali   and 

Wood   engines    7,6« 

Total  coat  of  main  ll«niB  ot  plant  nnO)   fHfiJi 
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Table  il^- Summary  op  Coot  of  One  Plant  (1910) 

Tot»l  coat  of  main  itenw  of  plant   1 19,572 

Cost    of    Inar    nhieida    (including    innBllatton,    demoUtiDD. 

Ucee  silditiong  and  lenewals  uiping,  pump-,  et^.l  ...  103,5«0 
Cost   of   pip4;is.    connectlona,    drills,    dprricka.    inetHllHtioD 

of  oftfces  and  all  misci  llaneoui  planLi   lin.glS 

Coat  of  installation,  includins  prepHation  «I  site 39,534 

Total  pTimc  eost  of  one  power  bonw  plant  (1910)  (324,484 

ig 


Fig.  258.  Approximate  Costs  per  Horsepower  of  Steam  Power 
Plants  Complete,  Simple  CondenBing.  Plotted  from  Data 
Compiled  by  VVm.  E.  Snow,  1008, 
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Fig.  259.  Approximnte  Yearly  CoHtB  of  Steam  Power,  150  Days, 
10  hra.  per  Daj,  Simple  Noa-Condensiag.  Plotted  from  Data. 
Compiled  by  Wm.  E.  Snow,  1908. 


In  order  to  give  an  idea  of  the  general  cost  of  running  tliese 
planbi.  Tables  III  and  IV  are  given  as  typical  cif  the  fnrre  em- 
ployed and  the  general  supptieH  needed  for  a,  24'hoiir  run  of  one 
plant.  Table  III  gives  a  typical  run  during  the  period  of  driving 
the  abieldd,  and  Table  IV  is  typical  of  the  period  of  concrete 
construction.    In  the  latter  caee  the  tunnels  were  under  normal 
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air  presBure.  Before  the  juuctjon  of  the  shielde  both  pUnlt 
were  running  continuoualy ;  after  the  junction,  but  while  tH 
tunnels  were  etill  under  compreesed  air,  only  one  power  houd 
plant  was  operated. 


Rite  per  Dhj.    AduhidI. 


si*ir»% 

Supplies 

dsy)  

Bale  per  Dty.   A 

",5 

Oil  (1  gall.  p«r  d 

■5U:::::: 

:;:::::.r::;::iJS 

ToUl   i«r   d.r 



T^Bu;  IV  —  Cost  op  Opbbatiko  the  One  Plant  kw  2 
DcnuNG  CoNcBBTB  LiNiKO  (1910) 
Labor.  Rale  pet  Day.   Am 


Foreman    electric 

»n    

T«ri  for  SO  d»r« 

RaUperDsy.    J 

U(*  gals.  pJ^Tda 

T*. :;::;;::. 

::::::::;::::;'S 

Ual  prr  d 
■olal  for  » 


ToMl  coet  of  labor  and  tnppUes  for 


1.SSS.W 
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SECTION  74 
PTTMPS 

I  have  taken  the  following  claseitication  of  pumpB  from 
Turneaure  and   Russell's   "Public  Water  Supplies": 

Pumps  niuy  be  classiiied  in  various  ways,  but  for  the  congid- 
eratiun  of  their  meclianical  ai'tion  they  ma;  be  best  coosidered 
imdeT  the  following  heads; 

I  ■  Displaeenent-puinps. 

2.  Impeller-pumpB. 

3.  Impulse  pumps. 

4.  Bucket-pumpe. 


Fig.   260,    Submerged  Type. 
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I   of   the   claeaificatio' 


are   Bhown  a 


I  Pi.inn       rInaide-pBcki 
)pi,,n»,-  -^  OntaidB-psd 


ment-i  Omnk  A  flj-» 
I.  CompeDBBlor 


Hydi.iilie  I  CrInk'°iind'Vwlieel 


Rottry      l^^'  1  Submerged  o. 
Air-d«plMem™t[g£;^J 


... )  Side  anction 
"'  f  Dooble  suction 
. ,  I  Hori2ont«l 


■e   (M  name   impliw) -Wster-ram 

It  (recBptsde  altarnaWlr  flUsd  end  emptied)  {^|^ 


Centrifi^ftl  Pump*.  The  centrifugal  pump  (Fig.  260)  has  t* 
BO  developed  and  perfected  that  it  is  now  recognized  as  a  simpl 
reliable  pump  of  great  range. 

The  principal  trouble  with  a  centrifugal  pump,  eapecial 
when  the  pump  ie  at  a  substantial  height  above  the  water,  is  i 
starting  it    When  the  pump  sucks  it  miist  be  reprimed  a 


PUMPS 


6m 


started  again.  Therefore,  if  the  amount  of  wa,ter  to  be'  hondJed 
is  not  as  great  as  the  minimum  capacity  there  will  be  many 
stops  and  knock-offs  to  prime.  Before  starting  up  a. steam  pump, 
especially  in  cold  weather,  it  should  be  well  warmed  up  by  live 
Btcam  from  the  end  of  a  hose  in  order  to  thaw  out  any  ice  that 
may  have  formed  in  the  cylinders  and  to  give  the  iron  parts  a 
chance  to  expand  gradually. 

Iron  Vertical  Centrifugal  Pninps,  submerged  or  suction  type, 
furnished  complete  with  short  shaft  and  coupling,  one  bearing, 
pulley  for  connecting  shaft  and  discharge  elbow,  are  used  exten- 
sively tor  irrigation  purposes,  sewage  pumping,  and  for  any 
place  where  a  pump  may  be  placed  in  a  pit.  Suitable  for  ele- 
vating water  50  to  80  feet.. 

Ibon  Vertical  CENTniPuaAL  Pumps 


1^ 


I.)       Prlca  Complete 

«  1        ? 

I  l|     I 

m  ^         m 

135  t*Ot«l> 

340         94       14S 

ffiS  110       ITD 

1SS  110       £10 


•  Reten  to  low-lift  p 


B  tor  fleistioDs 


3,300       SK)     14a) 


Fig.  261.    Horizontal  l^pe. 


..Cooylt^ 
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Iron  Horimnta]  CentilfnEBl  Fnmpa  for  belt  drive.     A  pump 
need  extenaively  for  all  purpoaea. 

Ikon  Hobizontu.  Cbntbifuoal  Fuups 


•Low-I 


t  pumpi 


for  I 


6x   6       17x31 


12  1 12       31 1  M 


30  X  U       63 1 71 


.000         3,000 


The  above  pump,  fitted  with  a  direct  connected  vertical  eteain 
engine  coatit:  4  in.  nide  suction,  4x4  in.  engine  $420;  weight. 
1,200  lb.  5  in.  side  suction,  5x5  engine,  <4S0;  weight,  1,440 
lb.     6   in.   side   auction   6x9  in.  engine,   $475;   weight,   1,570   Ik 

DiKGCT    CONNEXXTED    DREDOINO    PUUPS 


SSI 


^  ■  Is 


PUMPS  601 

Direot  Conneoted  ]>r«deiiiK  lumps,  complete  with  suctioD  and 
discharge  elbow,  flap  valve  and  eteam  primers,  lubricator  and 
oil  cups.  Cast  iron  impellor.  The  shipping  weiglit  and  the  price 
maj  vary  20%  from  the  averages  given  in  table. 

Belt  DrtTen  Sand  and  Dredg^nK  Fnmpi,  complete  eiccept  for  pipe 

Belt  I^iten  Pumps 


Fig.  262.     Standard  Side  Suction  Volute  Pump. 


Discharee  Cspscily  in  gal.  per  min. 

din.  in  fn.  Bead  in  ft. 


200  240  £60      2»B 

360      SM  fiOO  700      770 

eoa    sw  ]ooo  iiso  1270  1 

750  loeo  1305  lero  i«2o  1 

12B0    IMS  21m  »00  £700    2900    nOO 
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The  above  machines  are  of  the  Eingle  Buction  open  impetlei  type 
and  are  ueed  for  low  lifts  and  gritt/  water- 
Double  Bnctibn  Centrlfngral  Pnmps  used  for  general  service  are 
made  in  a  wide  diversity  of  sizee  and  capacities.  In  this  type 
of  centrifugal  pump  each  different  condition  requires  a  special 
design  of  pump  and  equipment  and  it  ia  impossible  to  give  aizes 
and  other  data  within  tie  available  space. 

Multi-stage  Centrifugal  Pumpi  used  for  heavy  duty  and  high 
lifta  are  also  specially  designed  for  each  particular  job. 


Fig.  263.     Direct  Acting  Piston  Pump. 

Direct  Acting  Piston  Pumps  designed  for  general  service,  i 
ivith  iron  water  cylinder,  broDze  lined,  and  bronze  piston  rod,  cc«l 
IS  follows; 


Vertical  Plunger  Sinking;  Pump  used  in  sinking  a  mine  shaft, 
^tc.,  for  gritty  water,  requiring  a  minimum  amount  of  attention. 


■er  mintit*  of  the  above  two  types  must 
B  high. 


Fig.  264.    Vertical  Plunger  Sinking  Piunp. 

CioEtTMtor't  Dlflereatial  Flnnser  Fvmp,  adapted  to  work  where 
the  lift  is  light  and  the  water  contains  considerable  sediment  is 
rated  at  a  displacement  of  from  50  to  63  gal.  per  min.,  weighs 
530  lb.  and  coats  $260.    The  diameter  of  the  suction  pipe  ia  3  in.. 
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discharge,  2%  in.     Diameter  of  the  steam  pipe  is  %  in.,  exhaust 

Tnlsometer.  A  very  well  known  ateam  operated  vacuum  pump 
is  the  one  illustrated  in  Pig.  265.  It  consista  of  two  bottle  Bhapr<l 
cylinders  with  the  necessary  valve  inlet  and  outlet  pipes.  The 
operation  of  this  pump  ie  sustaioed  by  alternate  pressure  and 
vacuum.  Steam,  cuahioned  hy  a  layer  of  air  automatically  atl- 
mitted,  is  brought  to  bear  directly  upon  the  liquid  in  the  pum[> 


Fig.  205. 

chambers  and  forces  it  out  through  the  discharge  pipe;  the  suli- 
sequent  rapid  condensation  of  the  steam,  effected  by  the  peculiar 
construction  of  the  pump,  forms  a  vacuum  in  the  working  cham- 
bers, into  which  atmospheric  pressure  forces  a  fresh  supply  of 
liquid  through  the  auction  pipe.  Thin  action  is  maintained  quite, 
automatically,  and  is  governed  by  a  self-acting  valve  ball  in  tii*! 
neck  of  the  pump,  which  obeys  tiie  combined  influences  of  steanil 
pressure  on  one  side  and  vacuum  on  the  other.  The  valve  bail 
oscillates  from  its  seat  in  the  entrance  to  one  chamber  to  its 
seat  in  the  entrance  to  the  other  chamber,  thereby  distributing! 
the  steam. 


This  pump  will  do  all  c^laseee  of  rough  service  raising  water 
up  to  75  feet  elevation.  It  has  no  piston,  no  packing,  no  oil, 
and  seldi»n  breaks  down,  but  is  very  uneconomical  of  ateatn. 

PuisoMETEB  Pumps 

.     per       Price. 
EIpys-      f.  o.  b. 

Hp,   New  York       ^ 


t  148    fiee 

KIO       226 
300       320 


IH 


3T5        276      16 


2.000     1,800      1.400     TO 


Each  pump  ie  furni^ed  complete  with  either  basket  or  mush- 
room strained  steam  and  release  valve  connection,  and  pump  hook 
for   suspending  when  necessary,  but  no  piping. 

These  pumps  will  work,  admitting  30%  of  air  or  25%  of  grit, 
and  8  continuous  run  of  four  months  has  bceu  recorded.  They, 
are  especially  valuable  in  rpiicksand  and  wherever  the  quantity 
of  water  is  variable.    The  coat  of  repairs  is  nominal. 

These  pumps  are  made  in  two  types;  the  standard  consists  of 
two  vertical  cylinders,  each  with  a  discharge  and  suction  valve, 
topped  by  one  simple,  three -cylinder  horizontal  engine,  with  the 
necessary  air  cocks,  lubricator  and  condenser  piping,  but  no 
steam,  suction  or  discharge  pipe  is  supplied. 

Steam  Opebated  Vacuom  Pumps 

Standard 


The  capacities  in  the  above  table  are  calculated  on  a  head  or 
lift  of  20  ft.  They  diminish  at  the  rate  of  about  4%  for  every  iO 
ft.  additional  up  to  150  ft.,  the  highest  head  recommended. 
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Junior        • 

Capscitfin  Approxioi ate  ship-                      Price 

gal.  p«r  mtn.  pins  weight  in  lb.  t.  o.  b.  factoir 

75  275                                     KIO 

100  SS«                                      138 

The  Junior  conaiHta  of  a.  single  cylinder,  a  ateam  piaton  vali«. 
auction  valve,  discharge  valve,  condenser  pipe,  check  valve  and  ■ 
atop  cock,  and  ia  furnisbed  with  the  patented  foot  valve  and  quick  j 
cleaning  Btrainec- 

Capai'itieH  atated  in  table  in  gallons  per  minute  and  per  hour  , 
are  calculateil  on  a  head  or  lift  of  20  feet.  Thexe  capacities 
diminish  at  the  rate  of  ahout  6%  for  each  10  feet  of  additional 
head  up  to  100  feet,  the  highest  lift. 

Hand   Diaphragm  Pumps.   UKed  upon   colTerdams,   pier   founds- 
tiona,  trench  work  and  all  work  of  similar  kind,  are  made  in 
eral  sizea.    Two  sizes  of  one  make  are  as  follows;     Capacity  ffi 


Fig.  266.    Diaphragm  Pump. 

stroke  1  gal.,  3-in,  suction,  weight  185  lb.,  price  $38;  capacity  per 
stroke  2  gal.,  4-in.  suction,  weight  200  lb,,  price  $60.  Prices  in- 
clude hand  brake  or  handle,  but  no  hose. 

Hand  Trend)  Pump  of  the  diaphragm  type  rated  at  from  600  to 
800  gal  per  hr.  when  operated  by  one  man,  and  rated  to  lif 
water  20  ft.  and  to  force  it  50  ft.  higher,  is  mounted'  on  a  board 
and  costa  $25.  Price  of  this  pump  including  10  ft.  of  suction  hose 
and  25  ft.  of'  linen  diachargc  hose,  all  coupled  up,  is  $50. 

Pumping  Units.  There  are  a  great  many  makes  of  gaaolini 
driven  pumping  units  of  several  ty|>eB  on  the  market.  .  The  fotlov' 
ing  are  the  prices  of  a.  few  of  the  makes.  i 


DlAPHBAQU  PUUPS  I 


PUMPS  60 

I   LOHG   AND  CONTINUOUH   OFGBATION 


pump  on  skidi  wrtheal  ancioe.  CBpactly  3000  g*l.  per  hr,  $1 
pump  DD  Bkids,  IM  hp.  engin.'.  Bhi|jpin(  wtigTit  580  lb...  i 
pump  on  truckH.  l<i  lip.  engine,  ebipriing  weight  850  lb.  i 
pomp  on  skills  wilhoiit  engine,  canstity  ISOi  g«l.  per  hr.  1 
pump  oa  skid*.  2U  hn.  engine,  ■hiupiug  weight  fSC  lb.. ,  i 
pump  on  tracks,  2U  lip,  engine,  ahipping  vei^t  S5U  lb.    i 

Double  Diafubaom  Pumps  Mounted  on  Tbucks 

:]ft»city  in  Hp.  of  Slijpping  FrI 

gal.  per  br.  eaglce  wf  ight  io  lb.  f.  a.b.  U 

fl.OOO  2W  1,1  SO  ti 

10,000  SH  tUO  3 

1U,U<X»  ihi  1.SZ5  2 

Tbiplex  Pumpino  Outfits  Mounted  on  Skids 

3Bp»city  in  Hp.  o(  Shipping  Pri 

gal.  per  br.  engine  weight  in  lb.  f.  o.  b,  &I 


In  the  above  add  $25  for  hand  tTucke,    Pump  operat«a  at  e 
preeaure  of  150  )l).,  the  total  head  in  ft.  is  350. 


Fig.  267.    Triplex  Pump. 


cCooi^lu 
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Hiau  pBBssiTRB  FoBCB  Pt'MPS  OH  Skids 


In  the  above,  add  $20  for  hand  trucki?.  The  total  head  for  the 
above  is  400  and  515  ft.  the  pressure  is  175  and  226  Ih.  per  sq.  in. 
Magnetos  tor'  all  the  foregoing  types  cost  $50  extra. 


Fig.  268.     Force  Pump. 
Pump  Acmbsories 

3-inch  rubber  suction  hoee,  per  ft.  t  1-B6 

4incb  rubber  suction  hose.  p«r  ft 2.50 

Bran  hose  couplings  for  Slach,  per  sel  .' S.EiO 

Bnu  hose  coupliugs  for  4'incb.  per  get  10.S5 

Gahiniied  strainer  and  foDt  tsItc  tar  3  incb  3.SS 

Galvaniied  Blrsiner  and  foot  vulve  lot  1  inch  6.2S 

Hoae  bends  for  Sinch.  each  40 

Hoep  bands  tor  4  inch,  each  .«5 

Rubber  diaphregra  for  Sinch  pump  3.00 

EubbiT  diBphragm  for  4-inch  jiuoip  3.50 

Another  make  of  pumps  costs  an  follows: 

OutAt  No.  I,  enuine  li^  hp.,  3  in.  suction  diaphragm  pump,  ca- 
pacity 3,000  to  5,000  gal.  per  hr.,  depending  on  conditions,  weigh! 
650  lb.,  price  $230. 
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Outfit  No.  2,  engine  2  hp.,  4  in.  suction  diaphragm  pump,  ca- 
pacity 7,200  to  8,400  gal.  per  hr.,  depending  on  conditions,  weight 
925  lb.,  price  $270. 

OutAt  No.  3,  engine  3^  hp.,  two  4  inch  diaphragm  pumpB,  ca- 
pacity 12,000  to  17,000  gal.  per  hr.,  depending  on  conditions, 
weight  1,530  lb.,  price  $410. 

Outfit  No.  4,  engine  2  hp,,  connected  b>  3  inch  Cesapool  dia- 
phragm pump,  capacity  2,000  to  4,600  gal.  per  hr  ,  weight  950  lb., 
price  $310. 

Outfit  No.  5,  engine  3Vi  hp.,  connected  to  a  3  inch  suction  cen- 
trifugal pump,  capacity  150  to  260  gal.  per  min.,  weight  1,250  lb., 
irice  $430. 

Outfit  No.  0,  engine  2  hp.,  connected  suction  and  force  pump 
>f  piston  type,  capaclt;  1,000  to  1S,000  gal.  per  hour,  weight  725 
b.,   price  $250. 

Outfit  No.  7,  engine  3^  hp.,  connected  to  piston  pump  cylinder, 
rapacity  2,000  gal.  per  hr.,  weight  950  lb.,  price  $335. 

Outfit  No.  S,  engine  3^  hp  ,  connected  to  3  in.  centrifugal  pump 
ind  diaphragm  pump,  capacity  of  centrifugal  pump  12,000  gal. 
>er  hour,  diaphrai^m  pump  6,000  to  84,000  gal.  per  hr.,  weight 
,600  lb.,  price  $550. 

Extras  for  above: 

Higfc  hand  troek  »  30 

One  horee  truck  with  »h»(t»  M 

Two  borne  truck  with  pole  108 

Nsck  yaks  ungle  ind  double  Ireea  12 

ir  eDgines  are  wanted  wllhout  trucks  deduct 20 

Uses  for  above.  Outflts  I  and  2  for  trenches  and  excavations, 
tc,  where  water  can  flow  away  by  gravity. 

Outfit  2  has  large  capacity  and  can  be  used  to  remove  water 
roiu  two  places  at  the  same  time. 

Outfit  4  used  for  removal  of  sewage  water  from  cesspools  and 
rains. 

Outfit  6  uaed  for  low  tifta  and  gritty  water. 

Outfit  6  used  for  pumping  from  drains  and  culverts  and  small 
xcavationsi  for  filling  tanks,  watering  carts  and  boilers;  for 
upplying  concrete  mixers;  will  elevate  water  to  maximum  height 
f    235  ft. 

Outfit  7  used  for  road  work,  will  deliver  water  for  distance 
f    two  miles,  or  elevate  water  to  height  of  from  100  to  300  ft. 

Outfit  8  combining  advantages  of  outfits  2  and  5. 

Hose  and  Puttings 

Suction  hoee,  2  inch,  per  ft t  l.GO 

auction  lioae,  3  ipch,  per  ft IM 

Suction  base,  4  Inch,  per  ft S.OO 

Discbarge  boss,  IM  incb,  per  ft.  M 
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,  IW  iiictTper  " 


c.Googlu 


BAILS  Am)  TBACES 


steel  KhUi.    Following  a 

Pittsburgh. 


1  the  quotations  Jaji.,  1 


wSctt 

Litht  r>i]ii,    Staio  lb 

Litht  rails,  12  Id  11  lb. 

Light  rails,  :G  to  IS  lb.  

Traok  Snppliei.     Jan.,  IS20,  f.  o.  b.  Plttebutgh. 

Stendard  apikn.  %is  in.  and  1«r|cr  KX 

Trsiik  bdlH    4.J5 

BUndard  aection  mgft  htn   3.00 

Railway  Ties.     Prices  id  faiT  sized  lots  Jan.,  1920; 

Wood  Place  Price  per  tis 


SJ-y  5 


Wblte  o 


.BDt«d 


tM.lte 

II H 


One  flat  car  nill  hold  about  60  rails  of  80  lb.  section. 

The  ordinal;  R.  R.  rails  are  classified  about  a*  follan^^^),^|i^ 
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Is  ill         ^Sffi 

1-3  S  S    ■■ 

3 


W      '»i|oq     JO     iH*a 
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L    Fit  for  main  track  od  a  atandord  railrotid. 
II.     Sides  worn  from  curves  but  perfectly  smooth. 

III.  In  good  condition  but  with  liatt«red  ends  which  can  be  cut  - 

off  and  the  bolt  holes  rebored. 

IV.  Fit  only  tor  sidings. 

Fishplates  and  Bolts  Keqdired  fob  One  My.E  Single  Tback 

Complete  Oomplels 

Length  of  nil                          joinU  Length  of  tbU                          joitita 

All  21  feet  50J  All  30  teat  SS2 

All  ?4  feet 440  80%,  SO  feet  I 

All  M  feet 40«  10%,   >horler( 

All  as  feet J77  SB 

Each  joint  coneists  of  two  plates  and  four  ImltB  and  nuts. 
Therefore  the  number  of  plates  required  is  twice  as  man;  as 
tlie  number  of  complete  joints,  and  the  number  of  bolts  required 
is  four  times  as  many.  If  six  bolts  are  required  for  a  joint,  then 
the  number  of  bolts  will  be  six  times  the  number  of  complete 
joints. 

liAiLBOAD  Spikes 


zhii 


1342 


Ties  2  feet  between 

Wrio  pounds  —  30    iieeB 

EITO  pounds  — 2S     kees 

46«0  pounds  —  23<«  kegs 

3»S0  pounds -20     VeB«1 

3110  pouodi  — 1514  kegs  I 

3E20  pounds  — 17^^  IwKS  f 

2»ia  pounds  —  U\  kFEsJ 

10  pounds -lOWkegBl 

n  pounds  — 11     kee»l 

»  pounds -la     kegs^ 

to  pounds  —  3     kegs 

Opoundii-  SWkege-' 


-  7%ke(!8 


•   II 


Portable  Tracks  are  used  mainly  for  industrial  purposes,  espe- 
cially in  plantations,  mines,  handling  lumber,  quarries,  wharves, 
power  and  industrial  plants,  but  many  times  in  general  con- 
tractors' work  the  use  of  such  track  is  economical  because  of  its 
light  weight,  compactness,  and  portability  Portable  track  is 
usually   shipped   "  luiocked   down "   to   save  freight  charges. 

Depreciation.    Rails  in  general  lose  value  from  the  following 


Through  loss  of  weight  due  to  corrosion. 

From  becfmiing  bent  and  unHt  for  smooth  operatiw 

From  the  weakening  ^ect  of  attrition  or  wear. 
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The  first  oE  these  causM  depends  partly  upon  the  climatic 
conditions  and  parti;  upon  the  nature  of  the  traffic  that  goes 
over  the  rails.  Refrigerator  cars  containing  a  large  amount  of 
brine  are  very  deadly  to  steel  rails  because  the  brine  leaking 
slowly  upon  the  rail  tends  to  keep  it  mor«  or  less  saturated  with 
a  Bait  solution  which  rapidly  combines  with  the  iron  to  form 
hydrated  iron  oxide  or  rust. 

The  second  cause  outlined  above  obtains  principally  on  con 
tractors'  light  rail,  where  the  rail  is  too  light  for  the  track  and 
where  the  ties  are  spaced  too  far  apart.  If  contractors  wouM 
appreciate  the  fact  that  a  rail  which  has  been  thoroughly  {tinkcd 
is  flt  only  for  scrap  and  that  it  need  not  be  kinked  at  all  if 
the  tie!*  are  properly  spaced,  their  depreciation  on  ordinarr 
equipment  of  this  kind  would  be  much  less  than  it  uauallv 
averages,  and  tbere  would  1>e  the  collateral  advantage  of  fever 
derailments.  Today  the  liabit  is  growing  among  contractors 
to  use  a  rail  of  heavier  section  than  formerly,  and  also  to  apart 
the  ties  nearer  together.  These  ties  should  never  be  more  than 
three  ft.  apart  and  seldom  more  than  30  in.  A  good  weight  of  rail 
tor  narrow  gauge  track  is  40  lb. 

Mr.  Thoa.  Andrews  has  published  the  results  of  some  esam- 
inations  of  the  loss  of  weight  per  annum  of  11  rails  of  known 
age  and  condition  under  mail  train  traffic  in  England.  The 
first  ten  of  these  were  in  the  open  and  the  eleventh,  with  a.  hit 
of  7  years,  was  in  a  tunnel.  The  average  wear  and  life  of  each 
are  given  in  t}ie  following  table: 

Averftje  loss  of 

Time  life                                                              lb,  per  yd.  ■ 
22  yiara   2«0 


D.130 


ersge  (lot  0.321 


Contractors'  light  track  of  30-lb.  rail  with  36-in.  gauge  was 
laid  on  a  grading  job  in  1009.  Teams  and  drivers  cost  65  cl.; 
labor,  15  ct.,  a!nd  foreman,  35  ct.  per  hour.  Tlie  rail  and  ties. 
which  latter  were  of  6  x  6-iD.  spruce,  5  ft.  long,  were  gathered 
from  various  places  on  the  work  and  hauled  by  horses  an  averagr 
distance  of  1,600  ft.  to  the  site  of  the  tra<?k;  1,000  ft.  of  track, 
including  E  complete  switches,  with  ties  4  ft.  apart,  were  laid,  at 
a  total  labor  cost  of  $56.65,  or  $0,057  per  ft. 
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1,600  tin.  ft.  of  track,  including  twtr  avitdies,  similar  to  alwve, 
were  laid  on  another  job  in  five  days  at  the  following  coat; 

1  roremBD  at  ^3.50 |  17.50 

gman  at    l.W M.flO 

1  man  at    a.no 10.00 

Iman  at   l.ri 8.75 

1  team  at   5.00 tS.iffl 

Total.    1909    1121,25=' lO.OSl/fl. 

The  Isijor  coat  of  unlouling  and  setting  *up  ioduatrial  track 
in  buildings  under  construction  was  in  IfllO  about  3  ct.  per  7in.  ft. 
of  track.  It  costs  about  the  same  to  move  BUch  track  from  floor  to 
floor  and  set  up  again. 

Portable  Railways  for  HaoUng  Haterlali  for  Road  Conittno- 
tlon.  The  following  ia  from  Engineering  and  Contracting  Mar.  4, 
1914. 

These  ratlwaya  consist  of  track  rails  and  ties  made  up  into  units 
capable  of  being  carried  by  two  men,  and  of  similar  tumlable, 
switch  and  other  speciHl  units,  all  of  which  are  laid  davni  on  the 
ground  and  connected  up  to  form  a  continnoua  line.  Tran»porta- 
tion  over  these  railways  is  accomplished  by  special  small  ears 
hauled  either  by  horses  or  by  "  dinky  "  locomotives.  For  roadwork 
the  portable  track  is  laid  along  the  side  of  the  grade  or  along  the 
Bhouldera,  and  extends  from  the  railway  siding,  gravel  pit.  stone 
qiwrry  or  other  source  of  supply  to  the  places  where  work  is  being 

The  equipment  used  consisted  of  about  four  miles  of  narrow- 
gai^e  portable  track,  40  38  x  24-in.  dump  cars  and  two  5-ton  dinky 
locomotives.  The  ears  were  hauled  in  trains  of  12  cars  each,  the 
arrangement  being  so  made  that  there  whs  always  one  train  of 
loaded  care  on  the  way  to  the  site  of  the  work,  one  train  of  empties 
returning  for  material  and  one  train  of  cars  being  loaded.  The 
average  amount  transported  was  80  eu.  yd.  per  day. 

While  hauling  stone  three  miles  from  s.  crusher  at  the  quarry 
to  the  road  the  cost  of  operating  the  trains  was  as  follows: 

Per 
Item                                                              Amauat  cu.  yd. 

Materials: 
Fuel  and  at  for  locomotiTeB  aud  cars  t  8.00  W.IOO 

2  «nEiiwFrg  at  (2.75  B.50  0.068 

2brakeinen  at  (1.75  3.50  O.OM 

1  track  roreman  at  p 3.00  0.031 

1  traek  laborer  at  J1.75 1.75  0.022 

Totals KI.7S  »,272 

Aa  the  material  was  hauled  three  miles  the  unit  cost  was  9  ct. 
per  cubic  yard  per  mile.    The  average  cost  of  grading  the  shOHldtt 
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or  berm  of  the  road  re^y  for  track,  laying  and  laying  track  was 
between  2  and  3  ct.  per  foot  of  track. 

PartionUrs  Required  for  Inqnlrlei  and  Ordert.  In  ard«-  to 
facilitate  the  making  up  of  offers  and  estimates  and  to  save  time 
and  unnecessary  correspondence,  buyers  should  always  answer  the 
foilowing  queetions  as  completely  as  possible: 

For  Bails.  State  weight  per  yard,  name  of  mill  rolling  the 
rail  and  number  of  section  (both  of  which  ran  be  found  on  web 
of  rail),  or  send  sketch  of  section  or  a  short  sample  piece.  Also 
Btat«  drilling  of  Miine;  distance  from  end  of  rail  to  center  of  Smt 
hole  and  distance  from  center  of  first  hole  to  center  of  second 
hole,  and  diameter  of  holes. 

For  Switchet.  Besides  the  foregoing,  state  gauge  of  track, 
length  of  switch  points,  number  or  angle  of  frog,  style  of  frog, 
kind  of  groundtbrow  or  switchstand,  radius  desired,  whether 
right,  left,  two-way  or  three-way,  and  whether  for  wooden  ties 
or  mounted  on  steel  ties. 

For  CrogHinga.  Besides  rail  section,  drilling  and  gauge,  as 
above,  for  all  tracks  that  are  to  be  connected  by  the  cniHsing, 
state  angle  of  crossing,  curvature,  if  any,  and  style  of  crossing. 

for  Tiimtablea.  Besides  rail  section,  drilling  and  gauge,  as 
above,  state  weight  of  car,  including  load  to  be  turned,  its 
wheelbase  (wheelbaee  is  the  distance  from  center  to  center  of 
axle  on  one  side  of  the  car),  diameter  of  wheels,  and  whether 
turntable  is  to  be  used  inside  or  ontaide  of  bnildings,  and  portable 
Of  permanent. 

For  WheeU  and  Awle».  State  gauge  of  track,  diameter  of 
wheels,  diameter  of  axles,  outside  or  inside  Journal  and  dimen- 
siooB,  load  per  axle,  width  of  tread,  height  of  flange. 


SECTION  7ft 

RAKES 

Two-Kan   Bakes.    Two-man    rakes,    used    in    leveling    broken  I 

atone,  sell  at  the  following  net  prices,  for  quantities,  at  Chico^: 


10-tooih    


12  (ooth   . 


Asphalt  or  Tar  Eakes.    Asphalt  or  tar  rakes  made  of  solid  : 

steel,  with  drop  shank,  strap  ferrules,  6-ft,  selected  white  ash  , 
handles  and  IB-in.  square  iron  shanks,  sell  at  a  net  price,  for  i 
quantities,  at  Chicago,  of  (24.00  per  doz. 


SECTION  77 
BSFSIOEEATENG  PLANT 

On  large  jobs  where  a  camp  of  considerable  size  Is  maintaiiied  a 
refrigerating  plant  would  often  be  very  satiafsctory.  A  3-bp. 
motor  and  air  eompressor  with  a  direct  expansioD  eystem  and 
brine  tank  auxiliary  for  storage  will  take  care  of  a  box  9x0x11 
ft.,  containing  H^  tona  of  perishable  foods.  The  first  cost  of 
such  an  equipment  would  be  about  ¥2,000  and  the  operating  cost 
of  electricity  about  ^5.00  per  month. 


SIVET1N1>  QVUS 

e  the  prires  of  a  make  of  riveting  guns: 
Cu  ft.  fFM  air  Weight  Price 

permin.SOIb.  in  lb.  t.  o.b.  tsetc 


IK  in.  30.G  23  80 

On  Pierson  k  Son's  work  on  the  East  River  tunnels  for  the 
Fenneylvania  Railroad  200,000  rivets  were  required  in  each  of 
2  caissons.  The  record  day's  work  on  the  caisson  was  1,41)6 
rivetx  by  a  gang  with  a  Boyer  riveter  working  from  a  regularly 
suspended  scaffold.  One  extra  man  worked  in  the  gang.  1,200 
rivets  were  the  ordinsry  day's  work.  All  rivets  bad  to  be  tightly 
driven  so  ss  to  render  work  absolutely  water  tight. 


Fig.  260.     Riveting  Gun. 


i.Cooglt^ 
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.  Steel  Xlveti.    The  following  were  the  prices  f.  o.  b,  Pittsburgh, 
January,  1020,  per  100  lb. 

SIrnetural,  %  in.  and  l«rg<T  M.M 

Cone  head  boiler,  K  In.  and  larger  4.30 


«  »nd  iWo 
i>iid    ^s 


Lengths  shorter  than  I -in.  take  an  extra  60  cents. 
Leagtha  betwees  1-in.  and  2-iD.  take  an  extra  25  cents. 


c.  Google 


SECTION  79 
BOAD  HAEINO  EaUIFlIENi: 

(See  Grading  MacliineB) 

Bood  CottBtmotion  Plant  of  the  Board  of  load  CommlMlonen 
of  Wayne  County,  Hlehlgan.  (From  Engineertng-Contracling, 
Nov.  9,  1910.)  Some  yeara  ago  Wayne  County,  Michigan,  arJopted 
a.  plan  for  the  construetifn  of  good  roads  throughont  the  county. 
In  aceordanee  witli  this  plan  a  board  of  county  road  commiasi oners, 
reporting  to  the  county  supervisors,  was  appointed  to  handle 
and  disburse  all  money  appropriated  for  county  road  purposes. 
A  definite  aystematic  plan  of  road  ranatruction  covering  a  period 
of  years  was  adopted,  and  work  under  this  plan  has  now  been 
under  way  for  four  years.  The  work  of  the  commissioners  is 
extensive,  covering,  as  it  does,  the  main  highways  leading  into 
the  city  of  Detroit  and  the  main  highways  radiating  from  the 
smaller  communities  in  the  county.  One  feature  of  especial  inter- 
est in  the  work  of  the  commissioners  is  the  comparatively  large 
mileage  of  concrete  paved  roads  that  have  been  constructed.  Of 
this  type  of  road  about  15  miles  have  been  completed  or  are 
under  way  at  the  present  time.  Most  of  the  road  work  has  been 
done  by  day  labor,  at  times  as  many  at  250  men  being  in  the 
employ  of  the  commission. 

In  its  road  work  the  board  haa  eliminated  all  hand  and  horse 
labor  wherever  1:he  same  or  better  results  could  be  achieved  by 
machinery.  Stone,  cement  and  sand  are  hauled  in  trains  of  from 
two  to  six  care  holding  seven  ton  loads  by  road  engines.  Water 
is  piped  and  pumped  by  gasoline  engines  wherever  possible. 
Plowing  and  grading  are  done  behind  an  engine.  Concrete  is 
mixed  in  a  mechanical  batch  mixer  which  travels  under  its  own 
power  and  from  which  a  long  crane  projects  over  the  work,  on 
whit'h  a  clamshell  bucket  travels  with  the  mixed  material.  The 
accompanying  Hgures  taken  from  the  fourth  annual  report  of  the 
road  commisaioners  for  the  year  ending  Sept.  30,  1010,  show  the 
ori}cinal  cost  of  the  plant  used  by  the  commissioners  in  their 
road  worki 
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Hauling  and  Grading  Machinery  and 
Equipment ; 

SICHD   sngiiiH    2  »*,  870,00 

Raid  roltera  i  S.G07.00 

8ev<D  ton  Stone  dump  wagons  24  d.I8(i.0O 

Top  lx»e»  for  Mme  H  «2.00 

ToncuH  tor  ume 1  16,00 

SprtnkliDE  wagona 12  2,829.00 

Ttant  dump  wagons  t  410.00 

Qradera 2  4ffi.0O 

BcBriBer    1  424.75 

Plowa    3  61.76 

Tool  «»con«    4  190.00 

Tool   boiPi 2  8.G0 

Bcrapen,  Doaa 3  1AM 

Scrapers,   Mepl    2  ».60 

Serapera.  hand  1  l.OO 

Btnpen.  wbeelfd  4  iSXiM 


Concrete  Equipment; 

.    Ooncrets  miura  2  |  3,4TB.0O 

PUKorm  (or  aame  1  23.16 


Road   forms   J  4630 

Road  irona,  25  feet  long  3  17.W 

IVowela    1  IJU 

OalraniMd  ryllnder  1  2,E0 

PloeU,   lice! 1  M 

Wire  lasnu 1  l.BO 

Nameplalfa  2  Z!SO 

2-in.  black  lead  pipe,  feet,  5,3«7  302.17 

Chutm*!  for  protecting  concrete  24  433.S8 

Tarp«oUna,  2fl»3o  2  78.00 

Tarpaulins,  12x15  2  23,(0 

WbIpt  tanks,  itationarr  2  16.00 


Tampers,  Tarioui  siiea  9  t.T& 

Iron  pins  4S  12.00 

Tequares  (grading  bara)  9  >.00 

.      i  4.7t0.9T 

Maintenance  Equipment; 

Street  sweeper  (and  extra  broom)  t  i     238.00 

Road   drag   1  IB.Sa 

Scylhe  and  anath  I  G.25 

Tar  ketllee,  WO  gallonii   Z  220.00 


0  Ml 


SprinkUnj   eaua    H  14.00    ■■ 

Barrel  spout*   16  JO 

t  602.18 

BlRcksmithing  Outfit  and  Tools: 

Port  drill   1  %  10J» 

Ratchet  drill   1  6.7s 


-;[.' 
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I 

'.    13 
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ShovelH  and  Hudled  Tools: 

ShoreU,  L.  H 

Shovelm  D.  H 

t       M.86 

is*"?':;;::;;::;;;;;;:;;;;;::;;;;;;;;; 

30.« 

M.M«1«    

IliSS 

ConcreU  Tile  Making  Kquipment; 

t     225^ 

'1-gS 

1     «!.« 

Tentcixer.  a>»aO,  with  pole. 

SS,S„r.::;::": 

J?S 

^'i 

Dubco.  cutlery,  pota,  lieltlea,  ecxridni  uten 
■il.  >Dd  other  cunp  .quipment  

98  J3 
I     3SI.17 

1  the  following: 

Omrptnttn'  todi  t     S2.T3 

MueensnHiiu    UI.M 

EaffiaeeriDg  and  offloe  equipment  "- 1,02U7 

Cement  t«lin(  ipparatua   (SM 

Tbe  total  original  cost  of  the  plant  and  property  was  $33,18B.3B. 
The  dq)reciation  for  IB09  was  placed  at  tS.SSO.SS  and  the  depre- 
ciation for  ISIO  at  16%  was  placed  at  (4,400.18.  ^ 
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load-HaklnK  Plant.  The  following  is  the  approsinuite  coat  of 
a,  road-making  pluit,  operating  in  the  State  of  Missouri,  figoreB 
of  1910. 

81i  dump  can  snd  SOO  ft.  of  traeksge  for  HM  in  qnarr; .  t  SOO.M) 

OrnshBT,  11  In.  by  IS  in.,  25  tout  per  hour  upacity T75M 

Bin  — a   BeetionB    ffiO.OO 

Elevslor  — 14  ft IBO.OO 

Eevolving  wrMil  — 30  In..  *  ft.  long 136.00 

Two  Irarfion  i^ngEncfl —  SO  hp - 3,000.00 

One  iOton  sleani  roller- 15  hp !,B0OJ» 

One  0-horar  arnder   3)0.00 

Bix  dump  vaEona- IH  en.  yd 800.00 

Twelve  hand  drina,  12  plcha,  12  erowban.  II  ahovcia EO.OO 

One  ro>d  plon,  15  —  11  in.  cut.  4  horaa  20.00 

Bix  whoelere,  No.  3  —  12  en.  tt.  opacity  300.00 

BUdrapi,  No.  2-1!*  n.  ft.  e«p»city VIM 

SprinHing  wagon  N*  3  — BOO  gal.  o«p»clty  S2B.0O 

tS,»25.00 

Moving  the  plant  12  miles  overland  and  setting  it  up  at  a  nen 
quarry  cost  $500.  After  the  move,  the  plant,  new  to  begin  with, 
which  had  only  been  used  to  build  four  milee  of  10-ft.  roadbed, 
cost  $200  for  new  fittin!^  and  repairs,  which,  for  six  months' 
use,  ii  an  annual  depreciation  on  plant  of  5%  of  the  cost. 


c.  Google 


BOLLEBS 

A  revereible  horse  roller  of  the  latest  type,  with  two  roll* 
bavin);  a  total  face  width  of  6  ft.,  ie  manufactured  in  sizes  from 
3'^  to  10  tons  of  ■^-ton  variation  and  ie  sold  for  $165  per  ton. 
The  diameter  of  the  rolls  varies  from  4^  ft.  on  the  lightest  rolleri 
to  6  ft.  on  the  heaviest. 

Hand  Rollebs 

Diameter  LaniUi  BsctionB  W^tbt 


Fig.  270.    Cast  Iron  Gevereible  Road  Roller. 
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Steam  Rolleia  are  made  in  two  t^pes:  the  macsdam  or  ihr«« 
wheel  type  and  the  tandem.  The  macadam  type  is  f^nerally 
made  in  Iwo  ai2eH;  the  average  cost  of  the  10  ton  si^e  is  $4,25n 
and  the  12  t«n  $4,800.  The  average  pricea  for  the  taniletn  tjix 
are  «l,7l>0  tor  the  21^  ton  size,  $2,875  lor  the  5  ton  size,  $3,500  tor 
the  8  ton  size,  and  $4,200  for  the  9  ton  size. 

A  simple  road  roller,  steam  driven,  that  may  be  converted  i: 
a  hauling  engine  and  designed  so  that  the  engine  can  be  used  for 
stationary  work,  has  a  rolling  surface  width  of  0  ft.  6  in.     It  has 


Fig.  271.    Ten  Ton  Steam  Type  Roller. 

a  short  wheel  base  that  allows  short  turns,  dilTerential  gear  for' 
two  wheel  drive  and  a  mechanical  steering  device.  It  is  made 
in  two  sizes.  The  10  ton  size  coats  $4,000  and  the  12  ton  si^e' 
$4,e00  f.  o.  b.  Wisconsin. 

Coat  of  Kaintenance  and  Operation  of  Steam  Eollers.  Tbf 
following  table  shows  the  cost  of  maintenance  and  operation  of 
the  six  steam  road  rollers  owned  by  the  city  of  Grand  Rapids. 
Mich.  The  fibres  have  been  taken  from  the  annual  report  oi; 
the  City  Engineer  for  the  fiscal  year  ending  March  31,  191 1. 

Cost  of  Maintenance  and  Ophution  op  Steam  Road  Rolx.ek.« 


Labor,    ihop    t  H'J-^  t   106. T2  f   149.«1  t   llfi.SI  |  SE.11  I     wa 

Repair  parts  332.H        126.«  224.16  128,12  63.67  43.1? 

Tsfeplroiw    2.00           I.M  1.15  1.30  l.OO  i.i6 

EncineeriDi     2.00           6.00  3.00  2.00  2.«l>  2.<« 


No.l 
Rollsr 

;     3?. 

4.25 

.49 
.76 
.16 

ROLLERS 

No.  2        No.  3 
Boiler      RoUiff 
,60             .W 

f   479.21    %  421J1 

t  822:40    t  783.60 

366:i7        316:73 

1.1   IS 

TiSO           l^ 
!80    .".. 

.06         :o6 

|i;290:2a    Jl,'l88;87 

No,  4 
Bailer 

,20 

':i 

t   836-05 
216  !01 

li 

,26 

;o6 

No.  5 
Bollar 

"a^TO 
"i',66 

J! 

1100.90 

»90.00 

J| 

10:25 

2:40 
.76 

C25 
No.  6 
Boiler 

Wagon    repkir    

Chains  anS  hooka   .. 

3:37 

Srr^'-Er 

Sars  sr.r.:::::: 

Brackets     .". . .  I'. .""' 
Total    

Labor,  rannins  

Labor,  cleaning  

.  t  466.74 

,  t   807.48 
34.00 

:       347.32 

20.'« 
2.20 

'           l'.25 
624 

:        i;26 

'.7B 

1   169.53 
t   831.30 

3.90 

Lanterns   and    «lobea 

l.» 

Tottl  Op,  and  Maint. 
ToUl   Operation    

.  11,718.16 
,  Jl,351.42 

tl,122.l)l 
11,162.48 

Repaire  on  two  rollers  of  the  convertible  type  during  the  first 
season  ot  operation  cost  $86.00;  $77.00  of  this  was  for  one  roller 
which  hsd  not  been  kept  in  good  shape  and  $9,00  waa  for  the  other 
roller,   which   was  operated  by   a   particularly   efficient   engineer. 

In  1905,  on  16  steam  rollers  belonging  to  the  Massachusetts 
Highway  Commissioners,  each  roller  averaged  90.3  working  days 
per  year  and  the  average  cost  of  repairs  was  $1.12  per  day  per 

In  moo  the  total  days'  work  of  16  rollers  under  the  control  of 
the  Massachusetts  Highway  Commission  was  1,710. S,  an  average 
of  107.5  days  per  roller  per  season.  Total  cost  for  maintenance 
of  these  rollers  was  as  follows: 

$1,725.00  for  practically  reljiiiiding  two  rollers  which  had  been 
in  active  service  about  ten  years,  and  an  average  of  $53.14  each 
on  14  others.  The  total  cost  of  repairs  on  IG  rollers  was,  there- 
fore, $2,408.BO,  or  an  average  of  $154.31  each. 


cCooi^lu 
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Fig.  272.    5-Toii  Tandem  Roller. 

In  I90T  the  above  16  rollers  did  1,S0S  dajs'  work,  an  average 
of  113  days  per  roller  per  season.  Two  rollera  were  practicatly 
rebuilt  for  $l,88SO0  and  ordinary  repairs  on  the  14  others  cost 
SflSI.69.     The  toUl  average  cost  was,  therefore,  «I68.T3. 

Mr,  Thomas  Aitken,  the  English  author,  states  that  the  repairs 
on  a  roller  up  to  the   14th  year  were  small,  with  the  exceptioD 


ROLLERS  627 

of  new  driviiig  wheels  and  repairi  to  the  firebox  and  tubes.  All 
repairs  amounted  to  an  average  of  $55,00  a  year.  At  this  time 
heavy  repairs,  costing  $850.00,  were  needed.  The  total  cost  per 
year  during  a  lite  ot  25  years,  of  100  working  days  each,  is 
$105,00,  or  5%  of  the  first  cost.  The  rear  wheels  of  a  roller 
lasted  7  years,  during  which  time  they  consolidated  60,000  tons  of 
road  metal. 


Fig,  274.    Ten  Ton  Two-Cylinder  Kerosene  Motor  Roller. 

HotoT  Boad  Btdler  of  the  tandem  o 
by  gasoline  or  kerosene  is  made  in  fivi 


Met  weiiht 

Ptice 

(.  0.  b,  CTdMKO 

11.IW 

)4,000 

1T,EI» 

4,200 

n.TTG 

4,m 

H-SS 

6,000 

The  10-ton  or  larger  sUea  will  haul  a  scarifier,  grader  or  road 
plow. 

This  machine  has  a  trussed  frame  made  of  heavy  steel  plates, 
which  carries  the  engine,  thereby  eliminating  a  great  defect 
found  in  steam  rollers,  that  of  making  the  boiler  act  as  the  frame. 
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Some  of  the  advantages  over  the  steuu  roller  claimed  for  this 
machine  by  the  raanufacturerii  are: 

1.  No  fimoke,  steam,  Eparka  or  soot  blowing  about. 

2.  No  daily  water  supply  needed. 

3.  No  daily  coat  Hiipply  needed. 

4.  No  nightly  banking  of  fires, 

5.  No  time  lost  raising  steam. 

0.  Licensed  engineer  not  necessary. 

7.  No  laying  up  for  boiler  repairs. 

The  great  disadvantage  is  the  unreliability  of  all  gaBolint 
engines.  However,  in  situations  where  coal  transportation  is 
expensive,  a  motor  roller  ia  the''proper  machine  tt>  use,  as  it  has 
a  tank  capacity  for  10  to  20  hours'  fuel,  and  can  trail  a  tank 
wagon  carrying  a  month's  supply. 

The  tandem  type  is  built  in  four  sizes,  is  operated  by  a  kerosene 
engine  and  costs  as  follows: 


Comparative  Cost  of  Operating  Steam  and  Oasollne  Rollers. 

The  road  building  outfit  of  the  Highway  Cqinmissi oners  of  York 
County,  Ontario,  includes  two  1214-ton  and  two  lH4-ton  steam 
road  rollers  and  a  12-ton  2-eylinder  gasoline  road  roller.  In  the 
report  of  the  Comminsion  covering  the  year  1912  Mr.  E.  A,  James, 
Chief  Engineer  of  the  Commisnion,  gives  the  following  figures 
show  the  cost  as  nearly  as  can  be  judged  of  operation  of  the  steam 
and  gasoline  machinery,  boUi  rollers  working  under  siifiilar  cod- 
dilions: 

Cost  of  Opebatiko  Steam  Rolleb 

For  10  Houru'  Rollinj. 
Fnel- 

KindJinB  wood  W.l» 

Co«I,  SSOlb.  «  18.85  per  ton  1X> 

Waler  — 

m  gsl,,  hauling  a  hr.  M  50  ct.  per  hr 1.60 

Engineer— iiii 'honra  at ' 30 'ct.' ' iwV ' hW' '.'.*.'.'.' 

Total    .WS 


ROLLERS  ( 

Pot  10  Honn'    Spiking  and   ScBritfing, 
Poel- 

KiadliDR  vrooi   t0.«6 

Co»l,  48U  lb.  at  16.85  per  ton  l.H 

SOU  gal.,   hauliDg  2M 

Oil OJlt 

Engineer  — UU  hoora  at  30  et 3.4B 

Total    «J» 

COBT  OF  Opebatibo  a  Gasoli\b  Roller 

For  10  Hours'  Rolling. 

Fael-t2  gal.  gaiotine  at  IE  el.  per  gal fl.SO 

Water  — 

CooUng.  quarter  hour  0.1S14 

Oil     O.07 

Engineer  —  lOM  bonra  «l  30  ct 3.0T>4 

Total    R.07 

For   ID  Houia'   Spiking  and  Boarifring. 

Fuel  — 3)  gat.  gaioline.at  IE  ct.  per  gaL  KM 

Water  - 

For  cooMng  0.15 

Oil     .-- 0.07 

Engineer  —  lOU  boars  al  30  ct 3.07 

Tolal    , %tJ» 
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Wire  Eope.  The  first  wire  ropee  were  constructed  largely  <ri 
iron  wire,  but  the  moderD  wire  rope  la  made  of  variously  manipu- 
lated and  treated  carbon  st«els.    The  usual  claBaificatious  are:   i 

Crucible  steel- 
Extra  strong  crucible  steel.  ! 

Plow  steel. 

The  so-called  Iron  is  a  mild  Bessemer  or  Basic  steel  of  frDO 
60,000  to  100,000  lb.  per  square  inch  tensile  strength;  the  Crucil* 
Steel  is  a  carbon  open  beartb  steel  of  from  1110,000  to  200,000 
lb.  per  square  inch  tensile  strength;  the  Extra  Strong  CruviUi 
Steel  ranges  in  strength  from  2011,000  to  240,000  lb.  per  aquart. 
inch,  and  the  Plow  Steel  ranges  from  about  240,000  lb,  per  equair 
inch  up.  i 

Up  to  May  1,  1900,  the  breaking  atrengths  of  wire  rope  maoj 
ufactured  in  the  United  States  were  based  upon  the  strength  oil 
the  individual  wires  in  the  rope,  but  since  that  time  all  manu-. 
facturere  have  adopted  strength  figures  compiled  from  resulli 
of  actual  tests. 

There  arc  a  vast  number  of  arrangements  posHible  in  wire  ropt 
construction,  but  the  usual  construction  is  one  in  which  a  numUi 
of  wires  are  built  up  on  a  hemp  core. 

Diaoonnti  to  apply  to  the  following,  which  were  in  effect  ii 
January,  1920,  are  as  follows:  i 


Extra    BtroDf    List  price  less  S0%— 10% 

Craeible  Cast  8t«el 

standard     ..: r.iat  urice  legs  ZZ%~W% 


Standard  Iron  Hoiiting  Bope 


..LteC  price  laia    E%— ]|)9!, 


Qalranlied  8te«l  Bnnnlng  Bope 

«  by  12,  e  b/  !4,  7  hemti  cores  


ROPE  es) 

OalTanlaed  Steel  RiKKlns  Bope 

fi  by  7  List  price  leas   7%— 10% 

Oalvanlied  Extra  PlezibU  Holitln;  and  Koorlne  Llnei 

S  by  37.    Net 

OalTanixed  Iron  Rleelng:  Rope 

e  by  7.    N>l 

Standard  Iron  Tiller  Rope 

S  by  S  by  7  Lilt  price  len    B% — 10% 

Von-Splimlne  Rope 

18  by  7  List  price  leu  10% —  B% 

Tranimluion,  HanlaKC  or  Standing  Rope.  Six  strands  of  seren 
wires  each  built  on  a  heipp  core  make  wliat  ih  known  as  bnula^ 
rope.  Thia  ia  one  of  the  oldest  types  and  was  formerly  largely 
used  for  power  tranamisHion,  but  now  its  use  is  largely  confined  to 
mines,  for  slope  baulage  systems  embodying  endless  and  tail  rope 
applications,  on  coal  docks,  in  oil  well  drillings,  and,  when  gtil- 
vanized,  as  guyR  for  derricks.  It  will  stand  considerable  abrasion 
and  rough  handling,  but  is  stifT,  and  its  use,  therefore,  is  lim- 
ited. 

Priceb  Tbanbuisbiok,  Haul&ob  ob  Standiro  Rope 

(Standard  Strengths,  Adopted  May  1,  1010) 

6-Stranda  —  7  Wires  to  the  Strand  —  One  Hemp  Core 

(See  dieeoimt  list  on  page  030) 

Swedes  Iron 


-<•    h    I    §? 


Soft    SwSo*.  .SAS? 


P     P    |i  i*     I-S--  &'^»  l«-s 


.06M 
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Crucible  Cast  Steel 


1^       sl^i    iBags  a  11^. 


M%         'Hb       3% 


a  !• 


Extra  Strong  Crucible  Cast  Steel 


;!a 


BOPE 
Monitor  Plow  Steel 


^s^    f^3s«-  s«»* 


All  ropes  not  listed  herein  and  composed  of  more  than  7  and  less 
than  19  wires  to  the  strand,  with  the  exception  of  0x8,  take  19 
wire  list. 

Standard  Hoistlne  Bope.  Six  strands  of  nineteen  w^ea  each 
DioJie  a  hoisting  rope  which  has  a  wider  and  more  varied  applica- 
tion than  any  other  type.  It  combines  both  flexibility  and  wear- 
ing service  and  is  used  in  mining  shafts,  for  operating  the  cages 
apd  elevators,  derricks,  coal  and  ore  handling  machines,  logging, 
dredges,  sjiip  hoists,  conveyors,  etc. 

Pbices  Stakdabd  Hoisting  Bopb 

(Standard  Strengths,  Adopted  May  I,  1910) 

6  Straoda  — 19  Wires  to  the  Strand  —  One  Hemp  Core 


g^l^ 


s^S. 


,J 
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I 


Crucible  Caat  Steel 


it     » 


Extra  Strong  Crucible  Cast  Steel 


;k 


iJii  Jll2 


Monitor  Plow  Stee! 
'  &%      11  ^S  31S 
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All  ropee  not  listed  herein  and  coropoeed  of  strands  made  up  of 
more  than   10  and  less  than  37  wires,  take  37  wire  list. 

"Where  the  requirements  are  severe,  we  reeommend  MoniU>r 
rope.     It  is  the  strongest  and  most  elUcient  rope  produced.  i 

"  It  is  indispeoBable  for  heavy  dredging,  logging,  stump  pulliap , , 
derricks,  coal  and  ore  hoisting  service."  | 

Extra  Flexible  Steel  Hoisting  Bope.  Eight  strands  of  nineteen  i 
wires  each  make  an  extra  flexible  rope  whose  application  is  con- j 
lined  to  a  somewhat  limited  field.  It  is  used  on  derricks  and  ini 
similar  plaees  where  sheaves  are  of  verj  small  diameter,  and  in 
flexihilitf  is  aiiout  on  a  par  with  the  6  x  37  construction,  differing 
only  in  the  fact  that  it  is  not  quite  as  strong,  owing  to  its  large 
hemp  center. 

LiGT  Pbiceh  Extha  Flexible  Steel  Hoistino  Rope 

(Standard  Strengths  Adopted  May  1,  1910) 

Eight  Strands — 19  Wires  to  the  Strand  —  One  Hemp  Core 

Crucible  Cast  Steel 


il 


'^-'  S>a  is  S  Uu  S  °  >         «     q  S-S  f  B 

-8  ^S  So  =■''*  &"§    ■  BOJ  ^^3 


Via  1«  S^    •           5.7             1.1 

%  IH  .20               iS  ■            .8 

ii  li  .09                1-80             .3 

Extra  strong  Crucible  Cast  Steel 


l.:l 


|l=     fSS 


I 

"-45              11 

1 

1        I 

'.oa           2 

Monito: 

r  Plow  Steel 

f    a 


»S  1 »  1.33 


Speclttl  Flezllile  HolttlitK  Eope.  Six  str&nds  of  thirty-seven 
wires  each  make  a  special  flexible  rope  which  ie  tarj^elj  used  on 
electric  travel  cranes  and  for  large  dredge  ropes.  It  permits  the 
use  of  fairlj  small  sheaves  and  heods  over  them  easily.  This 
rope  Domes  in  diameters  of  '^-in.  Tariation,  hut  is  much  better 
in  the  larger  size  than  the  extra  strong  on  account  of  the  smaller 


c.  Google 


8        HANDBOOK  OF  CONSTRUCTION  EQUIPMENT 

LiBT  Prices  Special  Flexible  Hoistikg  Bopeb 

(Standard  Strenptha,  Adopted  May  1.  1910) 

SU  Strwids  —  37  Wires  to  the  Strand  —  One  Hemp  Core 

Crucible  Cast  St«el 

SI    |i  111  iv  m  m  III? 

jS      g5     ps     |ss  |s.sS  lies    gfiiSs 


Extra  Strcmg  Crucible  Cast  Steel 


IS 

3pSC 


Monitor  Plow  Ste«l 


HopcB  compoeed  of  strands  made  up  of  more  tban  37  wires  add 
10%  to  Hat  price  at  8x3". 

TUler  Hope  or  Hand  Bope.  The  0x6x7  eonBtruction  is  known 
as  tiller  rope  and  is  tlie  moat  flexible  rope  mRnufactured.  Tts  first 
applications  were  to  the  steering  gear  of  boats,  but  its  greatest 
application  today  ia  for  hand  rope  on  elevatorfi.  This  ia  made  up 
of  six  strands  of  forty-two  wires  eaeh  and  seven  hemp  cores  and 
comes  in  diameters  of  ^^-in.  Tsrlation. 


c.  Google 
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Prices  Tilleb  Hope  ob 

Hand  Rope 

-Li>t  Price 

_ 

^^S 

CrofiblB 

C»l  Steel 

in  iMhes 

Inlnchee 

"*! 

VIJ33 

JO.B 
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I 

P 

J 

.24 

H 

:i4 

«» 

1% 

; 

.11  Vi 

.17 
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. 
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a 

M 

■mi 

U^ 

il- 

'« 

The  wires  are  very  One.  Care  should  be  taken  not  to  eubjret 
it  to  much  abrasive  wear. 

It  is  used  to  a,  limited  extent  for  ateerin);  lines  on  yaebta  and 
motor    boats.     Galvanized    Crucible    Cast    Steel    Yacbt    Rope,   8 
atranda,   19   wires   to   the   strand,    1   hemp   core,   is   preferred  bj   i 
many  for  motor  boats. 

%  and  Vj-in.  diameter  Iron  Tiller  or  Hand  Rope  is  UFed  for 
starting  and  stopping  elevators.  Tbia  rope  ia  alao  called  Elevator 
Shipper  Rope. 

Tiller  Rope  of  tinned  or  galvanized  iron  or  steel  is  furnislicd  i 
it  required.  ' 


Fig.  275. 

Flattened  Strand  Eope.  Flattened  Straml  Ropea  are  uaed  for 
heavy  derricks,  hoists,  etc.,  where  great  flexibility  and  long  life  are 
required.  They  are  made  in  a  variety  of  types  and  steels.  Those 
with'an  odd  number  of  oval  strands  are  particularly  difficult  to 
splice.  The  best  type  is  that  composed  of  Q  triangular  shaped 
strands  of  wire,  each  strand  made  up  of  12  large  outside  steel 
wires,  I  large  triangular  inside  iron  wire,  with  12  smaller  round 
ateel  wires  l>etween.  This  comes  in  the  various  iron  and  steels, 
but  we  give  prices  and  capacities  of  Monitor  plow  ateel  rope  onlj. 


Flattened  Stbakd  Rope 

Type  A  — 6  Stnnds,  28  Wirea  to  the  Strand,  One  Hemp  Core 
Type  B  — fl  Strands.  25  Wires  to  the  Strand,  One  Hemp  Core 
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Type  C  —  5  Strands,  9  Wires  to  the  Strand,  One  Hemp  Core 
Type  D  — 6  Strands,  S  Wires  to  the  Strand,  One  Hemp  Core 


II 


m 


SoB-Spinnlnff   EolstliiK    Kope.    Standard    strengths    adopted 
Jay  1,  1910.    Eighteen  etranda,  aeven  wires  each,  one  hemp  core- 


6ii 
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NoD-Spinning  Hope  Ib  necessary  in  "back-haul"  or  single 
derricks,  in  shaft  sinking  and  miae  hoisting  where  the  bucb 
or  cage  swinga  free.  That  of  the  best  type  is  eompoBed  of  si 
stranilB  of  seven  wires  each,  laid  around  hemp  core  and  w 
ered  with  an  outer  layer  of  twelve  strands  of  seven  wires  eaci 
regular  lay.  It  is  made  in  Swedea  iron,  crucible  cast  ateel,  estr 
strong  crucible  caat  steel,  and  plow  steel.  With  a  rope  of  Iti 
type  the  Vermont  Marble  Co.,  of  West  Rutland,  Vt.,  hoisted  i 
large  block  of  marble,  hanging  free.  250  ft.  without  its  making  i 
halt  turn.      (Kig.  27H  ) 

,  Extra  Strong  Crucible  Cast  Steel 


Fig.  276. 

Flat  Wire  Kope.  Flat  wire  rope  is  composed  of  a  number  of 
wire  ropes  called  flat  rope  ntranda  of  alternate  right  and  left  lay, 
uBuallj  of  crucible  steel  placed  side  liy  side  and  sewed  tofjether 
with  soft  Swedish  iron  or  Hteel  wire.  This  sewing  wire,  being 
wfter  than  the  iteel  str&ndH,  acts  as  a  cushion  and  wears  out 
[nuch  Eaater  than  the  strands  themselves.  The  rope,  however,  is 
very  easily  repaired.  As  a  large  reel  is  not  necessary  for  wind- 
ing it,  it  is  used  principally  where  space  is  limited.  It  comes  in 
widths  of  ^-in  variation. 

Vi  Inch  Thick 


Working  Load 
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ApproxipuM 

and  Weight  per         '  Stren'  Workinj 

Hiickneu  Foot  in  Toos  of  in  Toi 


*  Crneible  steel  witt  KTerage  30%  to  S0%  Btronger  than  the  flcnrea  in  tbew 

The  approximate  price  per  lb.,  crucible  steel,  Ih  21  cents. 

Unless  order  distinctly  speeifiei  to  the  eontraj?,  the  rule  for 
thickness  applies  to  size  of  strajid  before  sewing. 

Wire  rope  ia  as  flexible  aa  new  manila  or  hemp  rope  of  the 
same  strength,  and  when  used  as  hauling,  hoisting  or  standing 
rope  is  generally  more  durable.  The  working  load  for  hoiatinK 
and  haulage  ropes  should  be  about  ^  the  breaking  strength: 
standing  rope  about  y^ ;   in  shafts  and  elevators  from  ^  to  i^«. 

Use  the  largest  drums  and  pulleys  possible,  and  have  them 
truly  aligned  with  the  rope.  To  increase  t^e  capacity  of  hoistin« 
rope  increase  the  load  but  not  the  speed,  ae  the  wear  increases 
with  the  latter.  Do  not  "  fatigue  "  the  rope  unnecesBarily  by  r^ 
peated  shocks.  A  wire  rope  should  be  discarded  by  the  time  half 
the  diameter  of  the  outside  wire  is  worn  away. 

Galvanized  ropes  have  about  10%  lees  strength  than  nngalvan- 
ized.  and  the  latter  may  be  protected  from  the  weather  by  the  u« 
of  one  of  the  many  oil,  tar  or  grease  mixtures. 

In  wire  rope  the  outer  fibres  of  each  wire  going  round  the 
sheaves  are  in  tension,  and  the  inner  wires  are  in  compression 
with  a  neutral  point  within  the  circumference  of  the  rope.  As 
the  rope  goes  round  the  drum  or  sheave  the  result  of  thew 
dilTerential  stresses  is  to  produce  a  crawling  or  creeping  or 
sliding  of  the  wire  upon  each  rope.  It  therefore  follows  thst 
when  thoroughly  greased  the  life  of  wire  rope  will  be  very  greallv 
increased.  In  Engineering  £  Mining  Journal  it  is  reported  that 
the  same  kind  of  rope  well  oiled  made  386,000  turns  over  24-in. 
pulley  before  breaking,  as  against  76,000  turns  when  not  oiled: 
a  difference  in  favor  of  oiling  of  over  500%.  In  mine  work  when 
a  rope  is  coated  with  cable  compound  once  a  wedc  a  steel  wit 
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rope  of  best  grade  l^-in.  in  diameter  with  bji  ultima,te  strength 
of  about  100  Uma  will  last  from  1  to  1^  years.  To  prevent  kink- 
ing, the  cage  should  be  towered  to  the  bottom  of  the  shaft  and  tba 
rope  removed,  being  allowed  to  hang  loose  to  uncoil. 

In  the  Rookery  Building,  Chicago,  44  Swedish  iron  hoisting 
cableH,  %-in.  diameter,  of  six  strands  of  nineteen  wirea  each,  four 
cables  to  an  elevstor,  have  been  running  twelve  years,  without 
repiacemeat.  They  are  lubricated  twice  a  year  and  caretullj'  in- 
spected each,  month.  The  hand  rope  in  the  same  elevators,  how- 
ever, wears  out  very  rapidly  on  account  of  the  abrasion  caused 
by  the  eye  holes. 
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The  life  of  street  railway  cable  is  likely  to  raoge  from  60  to 
115,000  milcH  where  the  cable  itself  is  between  13,000  and  33,000 
feet  long.  The  average  of  12  cables  of  which  we  have  record  is 
74,017  miles. 

A  cable  used  on  a  Lidgerwood  Unloader  Plow  on  the  Panama 
Canal  work  was  installed  April  12,  ISO!),  and  was  Arst  broken 
May  5,  1910.  In  the  thirteen  mouths  it  unloaded  1,S30  nineteen- 
car  trains  of  spoil  from  Culebra.  This  is  a  record,  as  the  pull 
on  these  cables  ranges  from  BO  to  125  tons.  The  life  of  the  cable 
on  this  work  averages  from  330  to  SOO  trains.  After  breaking, 
the  cables  are  spliced  and  used  again. 

The  principal  causes  of  destruction  of  wire  ropes  are; 

(a)  The  wearing  of  the  outer  surface  of  the  outside  wires. 

(b)  The  fatigue  of  the  steel  where  the  rope  is  worked  over 
email  pulleys. 

As  an  example  of  the  first  case,  the  cable  on  cable  tramways 
is  worn  by  the  grips;  therefore,  use  a  stiff  cable  with  large  wirea; 
as  an  example  of  the  second  case,  ropes  used  over  small  blocks 
break  frequently;   therefore,  use  a  rope  with   small  wires.     The 


046       HANDBOOK  OF  CONSTRUCTION  EQUIPMEXT 

Htrength  of  &  wire  rope  is  about  10%  leaa  than  the  sum  of 
the  Btreogths  of  the  wirea  composing  the  rope. 

A  wire  rope-way  whb  constructed  for  the  PUmoBas  Line  eon- 
BiBting  of  an  endless  rope  20,230  feet  long  Bupported  at  IntervaU 
of  from  104  to  1,035  feet  on  notch  Bheaves.  "  After  the  rope  had 
been  running  about  two  jeam  the  splices  commenced  to  give 
way  at  the  points  where  the  two  cable  strands  are  inserted  into 
the  rope  to  t^ke  the  place  of  the  hemp  heart.  *  *  *  When  new 
rope  is  spliced  with  old  the  new  stranda  stand  out  somewhat 
more  than  the  old  ones  and  the  wear  is  very  rapid.  •  •  *  A 
flexible  wire  rope  (IB  wires  to  the  strand)  can  be  spliced  so 
that  there  will  be  little  difference  in  the  wear;  but,  in  a  rope  of 
seven-wire  strands  made  out  of  plow  steel,  at  the  point  just 
above  and  below  where  the  two  ateel  strands  are  inserted  into 
the  core  and  take  the  place  of  the  hemp  heart,  there  is  r  spot 
(about  an  inch  in  length)  where  the  rope  is  seven  strands  instead 
of  Biv  on  the  circumference.  This  makes  the  diameter  greater 
and  increases  the  wear  on  the  splice.  *  *  *  In  a  flexible  rope 
the  strands  can  be  set  together  with  a  mallet  so  that  the  splice 
cannot  be  noticed." 

Directions  for  Spllolng  Wire  Rope.*  Wire  rope  is  susceptible  to 
the  most  perfect  splice;  a  smoother  and  better  splice  can  be  put  in 
a  wire  rope  than  in  any  other  kind  of  rope,  for  the  einiple  reason 
tliat  it  is  made  with  a  view  to  this  purpose.  It  has  the  'desired 
number  of  strands  and  a  hemp  core  which  provides  a  place  for 
fastening  the  ends.  It  is  a  plain,  simple  process)  and  but  the 
work  of  an  hour  for  any  one  to  learn. 

To  Oet  the  Length  of  the  Rope  to  Be  Spliced  Endless.  In  most 
eases  the  ropes  can  be  applied  endless,  and  in  nurh  ciiBe»  the  ropes 
can  be  forwarded  spliced  ready  to  go  on.  Ropes  ready  spliced 
can  be  procured  by  giving  the  exact  distance  from  center  to  center 
of  shaft,  and  the  exact  diameters  of  the  wheels  on  which  the  rope 
is  to  run.  This  measure  can  be  got  best  by  stretching  S  wire  from 
shaft  to  shaft,  marking  the  distance  from  center  to  center  of 
shaft  and  carefully  measuring  the  wire. 

In  cases  where  the  endless  rope  cannot  be  put  on,  the  rope  has 
to  be  put  around  the  sheaves,  hove  taut  by  pulley  block;,  and 
the  splice  made  on  the  spot.     See  Fig.  I  in  diagram  of  splices. 

The  Seceetary  Tooh.  A  hammer  and  sharp  cold  chisel  for 
cutting  the  ends  of  strands;  a  steel  point  or  marlin  spike  for 
opening  strands;  two  slings  of  tarred  rope  with  sticks  for  un- 
twisting rope;  a  pocket  knife  for  cutting  the  hemp  core;  a 
wooden  mallet  and  block. 


■  Abatrscled  from  cslalocUF  of  Broderick  ft  BMcom  Bops 
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First.  Put  the  rope  around  the  aheaves,  and  heave  it  tight  ' 
with  block  and  fall.  (See  Fig.  1.)  The  blocks  should  be  hitched 
far  enough  apart  so  as  to  give  room  between  to  make  a  20-ft. 
splice.  A  small  clamp  may  be  used  to  precent  the  lashing 
from  slipping  on  the  rope  where  the  blocks  are  hitched.  (See 
Fig.  1.)  Next,  Bee  thtit  the  ropes  overlap  about  20  feet;  about 
ten  feet  each  waj  from  the  center,  an  shown  li;  the  arrow  lines 
in  Fig.  1.  Next  mark  the  center  on  both  ropes  with  a.  piece  of 
chalk,  or  by  tying  on  a  sniall  atring.  Now  proceed  to  put  in  the 
»pliee,  with  the  blocks  remaining  taut  when  it  is  neceasaryi  but 
the. better  way  is  to  remove  the  blocks,  throw  off  the  rope  from. 


Fig... 


Fig.  277. 

the  sheaves,  let  it  hang  loose  on  the  shafts,  and  proceed  witb 
the  splice  on  the  ground  or  floor,  or  scaffold,  as  the  case  may  he. 

Second.  Unlay  the  strands  of  both  ends  ot  the  rope  for  a  dis- 
tance of  tea  feet  each,  or  to  the  center  mark,  ae  shown  in  Fig.  2. 
Next,  cut  off  the  hemp  cores  close  up,  as  shown  in  Fig.  2,  and 
bring  the  buQC'lies  of  strands  together  so  that  the  opposite 
strands  will  interlock  regularly  with  each  other.      (See  Fig.  3.) 

Third  Unlay  any  stiand,  A,  and  fallow  up  with  strand  1  of 
the  other  end,  laying  it  tightly  in  open  groove  mode  by  "unwind- 
ing .A,  make  twist  of  the  strand  agree  exactly  with  the  twist  of 
the  open  groove.    Proceed  with  this  until  all  but  twelve  inches 
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of  I  are  laid  in,  or  till  A  has  become  ten  feet  long.  Next,  cut  off 
A,  leaving  an  end  about  twelve  inches  long. 

Fourth.  Unlay  a  strand,  4,  of  the  opposite  end,  and  follow 
with  strand  D,  laying  it  into  the  open  groove  as  before,  and 
treating  thie  precisely  ae  in  the  first  case.  (See  Fig.  3.)  Next, 
pursue  the  same  course  with  B  and  2,  stopping  four  feet  short 
of  the  first  set.  Neict,  with  5  and  E,  stopping  els  before;  then 
with  C  and  3;  and  lastly  with  6  and  F,  The  strands  are  now 
all  laid  in  with  the  ends  four  feet  apart,  aa  shown  in  Fig.  4. 

Fifth  and  Last.  The  ends  must  now  be  secured  without  enlarg- 
ing the  diameter  of  the  rope.  Take  two  rope  slings  or  twistera 
(see  Fig.  6)  and  fasten  them  to  the  rope  aa  shown  in  Fig.  6; 
tuist  them  in  opponite  directions,  thua  opening  the  lay  of  the 
rope.  (See  Fig.  6.)  Ne:ft,  with  a  knife,  cut  the  hemp  core  about 
twelve  inches  on  each  side.  Now  straighten  the  ends,  and  slip 
them  into  the  place  occupied  by  the  core;  then  twist  the  sling» 
back,  closing  up  the  rope,  taking  out  any  slight  inequality  with  , 
a  wooden  mallet.  Next,  shift  the  stings,  and  repeat  the  operatioD  I 
at  the  other  five  places,  and  the  splice  is  made. 

If  the  rope  becomes  slack,  in  time,  and  runs  too  loose,  a  piece  I 
can  be  cut  out  and  the  rope  tightened  up.  This  will  require  «  I 
piece  of  rope  aliout  40  feet  long  aQd  two  splices,  one  splice  to 
put  on  the  piece  of  rope,  and  the  other  splice  to  join  the  two 
ends  together. 

Cost  fob  Labor  or  Sfuciho  Rope  to  Make  Envlbsb 

Diameter  of  DiBDieterof  ' 


UtoViB 


!:«• 


The  above  charge  to  be  in  addition  to  the  e.xtra  rope  used  ii' 
making  splice.  These  prices  apply  only  on  wire  ropes  spliced 
at  the  works  of  the  manufacturer, 

Kanlla  and  Blial  Bope.  Manila  and  sisal  rope  are  usuiHy 
classed  as  "  regular "  rope  or  rope  having  three  strands,  four 
strand  rope,  bolt  rope  or  especially  selected  long  yarns  and  trans- 
mission rope  which  is  of  yarn  selected  and  woven  with  great  care- 
The  prices  are  computed  from  a,  "  base "  which  varies  with  the 
season  and  according  to  the  condition  of  the  trade. 

The  table  below  giveg  the  standard  sizes,  weights,  etc. 

Sisal  rope  has  approximately  the  same  weight  as  Manila. 

Manila  about  25%  stronger  than  sisal. 

Hawser  laid  rope  weighs  about  one-sixth  less  than  3  strand. 


8.900 
ID.NM 
1Z,BW 
14,DW 
1E.400 
17.000 
18,400 
20,000 
£5,000 
10,000 
33,000 


Manila  Tbanbuission  Ropf, 


15,185 
18.000 
21,125 


Mr.  George  J.  BiBhop  In  1SS7  made  smne  records  to  determine 
the  life  of  manila  rope  in  pile  driving.  The  drum  of  the  engine 
and  the  sheave  on  the  top  of  the  leads  were  14  in.  in  diameter. 
Tho  Hheave  at  the  front  of  the  pile  driver  was  10  in.  The  hammer 
wpi|;hed  10,000  lb.  The  rope  was  of  three  different  makes  of  IVj- 
in    diaiDeter.     Corotnon  manila  three-ply  rope  made  the  best  show- 
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ROPE  051 

iDg.  The  l^igth  of  rope  wa«  12S  ft.,  and  its  weight  ranged  from 
74  to  SS  lb.;  average  S6  lb.,  or  seMrly  0.7  Ibv  per  foot.  The  price 
of  the  rope  wa«  8^  cento  per  lb.,  or  S6.63  per  average  rope.  Ten 
ropei  were  Uied  up  in  driving  1^35  piles  to  an  average  penetra- 
tion of  20  ft.;  hence,  each  rope  averaged  135  jHlea  at  a  eoet  of  4 
cents  per  pile  per  rope.  However,  6  ropes  averaged  only  101  piles 
each,  and  5  averaged  160  piles  each. 

The  Plymouth  Cordage  Company  in  1910-11  conducted  a  series 
of   tests  on   various  brands  of  rope  to  determine  the  extent   to 
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Fig.  278.    Diagrani  Showing  Variation  of  Wire  Hope  from  Stan- 
dard Plymouth  Cordite. 


which  manila  rope  might  vary  in  quality.  An  average  Plymouth 
cordage  Mmple  was  used  as  a  standard  and  from  this  the  varia- 
tions plus  or  minus,  in  size,  weight  and  strength  were  plotted 
on  the  accompanjing  diagram.  Twenty-two  sain  pies  of  rope 
nominally  3  in.  in  circumference,  made  by  various  manufacturers, 
were  tested.  The  strongest  rope  (ailed  under  a  load  of  9,010 
lb.,  while  the  weakest  was  able  to  stand  only  4,04S  lb.  Glancing 
at  the  tabic  it  will  be  seen  that  in  several  cases  where  the  siite 
curve  shows  a  defidejl  rise  the  weight  curve  dips.  It  would. be 
natural  to  suppose  that  the  weight  would  incresiBe,  ^fl^^spond- 
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iiiglj  witb  the  size,  but  this  does  not  aeem  to  be  the  case .  and 
must  indicate  that  iome  brands  are  more  loosel;  twisted  than 
others,  Aa  will  be  noticed  the  weights  vary  between  minne  B.617o 
and  plus  20%  aod  the  table  shows  that  so-called  3-in.  lope  is  not 
always  3  in.  in  circumferenoe. 


SAin)  BLAST  KACEINE8 

A  sand   blast  tank  machine  consisting  of  a  steel  tank,   hose, 
connections,  operator's  hood,  gloves  and   respirator,  of   1,0D0  lb. 
BHJid  capacity,  costs  S310,     The  tank  measures  30. by  30  in.     A    ■ 
compressor  for  this  outfit  should  be  capable  of  supplying  100  c«.  ft 
per   min.   at   a   pressure   of  about   80   lb.   per   Bq.   in.     A   screen 
hopper  for  the  above  costs  $85.     Several  sizes  and  capacities  in 
this  type  of  machine  may  be  had.    All  prices  f.  o.  b.  Chicago. 
The  approximate  shipping  weight  of  the  above  outfit  is  1,000  lb.    ! 
This  machine  will  clean  from  2  to  3  ft  of  surface  per  min.  de-    ! 
pending  on   the  condition  of  the  surface. 

At  the  United  States  Naval  Station,  Key  West,  Fla.,  steel  sheds 
were  cleaned  and  painted  by  compressed  air.  These  sheds  were 
used  to  store  coal  and  the  action  of  heat  and  the  impurities  io 
the  coal,  combined  with  the  salt  water  used  for  extinguishing 
spontaneous  combustion  fires,  rapidly  corroded  the  steel  and  ne- 
cessitated a  thorough  <'leaning  and  painting  every  time  the  Bheds 
were  emptied.  The  following  outfit  was  purchased  and  cost 
$2,090: 


wonlBl  Knsoline  angine 

sbaut  20  hp. 

about  80  ft.   <rf   free  air  per   min. 
e  of  30  lb.  per  tq.  in.  In  one  ■tass. 

■nized  Uee\  water  Ian 
(The    abo™   spparstu 

it  uprsjios  mschin™, 

belt  connecMd  to  engine. 

,wai   all  mounted   an  a(«el   frame 

'hy'2  eu.  ft.  of  sand  each, 
one  a  hand  macbins  of  %  nl.  ea- 
tbe  other  of  10  g»L  eapMnty  for 

«  lio.  ft.  of  pneumatlo  hose  for  aaud  blaat  machioea. 

10  lin.  ft.  of  sir  and  paint  hoae  for  painting  machines, 
t  khaki  helmeU,  with  mics-covfred  openinga  for  the  o] 
»  lln.  ft  .of  K-in.  galTaniMd  iron  pipe. 


SAND  AND  GRAVEL  WASHERS  853 

Claaning  by  hand  cost  over  i  cents  per  square  ft.  in  1910.  The 
labor  coBt  per  day  of  cleaning  by  machine  is  shown  in  the  follow- 

1  eDgins  lender  t  S.M 

1  helper  (in  charge  of  the  work  sad  tendiai  mlchineal  ....      2.24 

2  iBborere  on  mucbitie*  el  fl.7S  emch  3J>2 

1  laborer  Srying  aaod,  filling  machinea,  r*c l.TG 

Total  (tSlO  flgaren)   (10,B« 

9,000  aquare  feet  of  surface  were  cleaned  at  a  cost  for  labor 
of  $97.ae  and  for  gasoline  of  $13.15,  or  at  the  rate  of  lees  than 
1^  centa  per  square  foot;  9,000  square  feet  of  surface  were 
painted  at  a  coat  for  labor  of  $2S.l6  and  for  gasoline  of  $3.80, 
or  at  the  rate  of  %  cent  per  square  foot  (1910),  The  intereet, 
depreciation  and  repairs  to  plant  would  add  an  inconaideiable 
amount  to  this. 


sjun)  Asny  gbatel  washers 

A  portable  Sand  and  OraTel  Vaihlng  Haohlne,  rated  by  the 
manufacturer  at  10  to  12  yd.  per  hr ,  costs  $2,750  f.  o.  b.  Chicago. 
This  machine  ia  equipped  with  a  gasoline  engine  and  is  mounted 
on  wheels.  lu  operation  the  elevator  carries  the  material  from 
the  ground  level,  apouting  it  into  a  preliminary  scrubber  from 
which  it  goes  into  a  conical  screen  which  removes  the  overair^, 
producing  one  grade  of  gravel  and  one  nf  Band.  The  oversine, 
gravel  and  sand,  are  spouted  from  the  machine  in  aeparate  chutes. 

A  Patented  Sand  and  Qravel  Waiher  consisting  of  a  hopper 
into  which  is  put  the  material  to  be  screened,  and  the  water  for 
washing,  a  screen  mode  up  of  several  conical,  nested  screens,  and 
suitable  arrangement  for  driving,  but  not  with  power  equipment, 
coata  as  follows: 

Cmpacity  in  AnnroilmBta  Price 


c.  Google 


SAWS 

Saw  Tables.  A  belt  driven  circular  mw,  of  a  simple  trp«.  th»t 
will  eat  timber  up  to  10  inelies  weighs  300  lb.  for  Hhipment  ani 
coeta  $30.  A  similar  saw  with  an  extended  table  that  will  swinj; 
a  saw  up  to  30  in.  in  diameter  neigbs  330  lb.  and  coata  $32.  An- 
other rig  with  PounterBhaft  weighs  335  lb.  and  costs  $37. 

These  saws  are  primarily  designed  to  cut  up  wood  for  fuel,  but 
may  also  be  used -for  more  exacting  work  within  certaiu  limits. 

Portable  Cambination  Swing:  Cnt  Off  and  BippUiK  Sawa.  An 
outfit  consisting  of  a  complete  adjustable  table,  with  cross  cue 
gauge  and  saw  guard,  ripping  gauge,  mitre  gauge,  saw  duet  guard. 


Fig.  279.     Combination  Swing  Cut-Off  and  Kipping  Maohin 

complete  idler  with  lever  and  brake,  swing  frame  with  idler. 
leather  Wit  for  swing  frame,  14  inch  rip  saw,  16  in.  cross  cut  saw. 
all  mounted  on  yellow  pine  skida,  costs  $265  without  engine  and 
engine  belt.  Complete  outfit  with  5  hp.  gasoline  or  kerosene  en- 
gine, $400. 

An  outtit  similar  to  the  above  with  16-in.  rip  saw  and  20-in, 
cross  cut  saw  without  engine  costs  $300.     With  7  hp.  engine,  $500. 

An  outfit  similar  to  the  two  above  with  34-in.  rip  saw  and  34-in. 


(■roes  cut  saw  coste  without  engine  $430.    With  9  hp.  engine  ci 
plete,  $750. 

Extrae  for  tlie  above 


A  Universal  Tool  Unit  to  attach  to  any  of  the  aijove  machineB 
H  compoaed  of  a  fl  in.  jointer  and  guard,  adjustable  jointer  beds, 
idjustable  jointer  gauge,  boring  machine  with  %,  %  and  1-inch 


Fig.  i 


Portable  Woodworker. 


bits  and  complete  adjustable  sliding  boring  and  sanding  tabic, 
10  fn.  Sander,  mandrel,  and  iron  frame  ready  to  attach  to  the 
swing  frame.    Price  complete  $114. 

A  Portable  VVoodworl;er  similar  to  the  one  shown  in  Fig.  280 
crosts  as  follows: 


.,  depths  Dp  to  IK  ii 
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1—8  iQch  emery  wbeel  

!-S 

Woodworker  with  12  In.  rip  saw,   H  in.   CHBa  cut  8a* 

230.00 

5'lip.  engine,  extra  

es.oo 

ForUble  Saw  Hfsi  similar  to  the  one  shown  in  Fig  2B1  an 
made  in  several  types.  A  rig  designed  for  sawing  pole  or  mrd 
wood    coDsi sting   of    an   engine   complete   with   batter;    ignition, 


Fig.  2S1.    Portable  Saw  1 


mounted  on  a  long  truck  with  seat  tool  box,  tongue,  tilting  saw 
table,  balance  wheel,  belt  tightener  and  saw  costs  as  follows: 


A  patented  rig  i 
3B.W  attachment  can 
IS  a  portable  costs 


'  to  the  above,  arranged  so  that  th« 
■moved  so  that  the  engine  can  be  used 


Portable  Saw  Kill  similar  to  the  one  shown  in  Fig.  282  has  in 
average  capacity  of  about  4,000  ft.  per  day  when  operated  with  a 


SAWS  667 

horse  power  of  frmn  15  to  20.  Wide  variation  from,  this  figure 
is  possible  depending  on  the  kind  of  wood  cut  and  the  experience 
of  the  crew. 

A  mill  with  a  carriage  16  ft.  by  26  in.,  having  a  variable  fric- 
tion feed  with  a  length  of  track  and  ways  of  40  ft.,  weighs 
complete  2,S0O  lb.,  and  costs  $404.  The  standard  eaw  for  this 
machine  is  48  in.  in  diameter  at  a  cost  of  $108  extra. 

Another  saw  mill  with  a  patented  feed  will  swing  a  52-in. 
saw.  It  has  a  carriage  20  ft.  b;  36  in.,  length  of  track  56  ft.  It 
weighs  complete  5,550  lb.  and  costs  $743.     62.in.  saw,  $141. 

A  saw  mill  having  a  20  ft.  by  40  in.  carriage  and  a  56  ft.  track 
weighs  7,600  lb,  and  casta  $1,170.     Saw  same  as  before. 


Fig.  282.    Saw  Mill. 

OntfltB  fOT  Cnttin?  off  Piles  Below  Water  Line.  An  effective 
arrangement  for  sawing  off  piles  under  water  is  employed  hj 
\Vhitney  Bros.  Co.,  general  marine  contractors,  Superior,  Wis. 
Their  equipment  consists  of  a  machine  very  similnr  in  appparance 
to  a  small  swing  pile  driver.  Instead  of  the  drop  hammer  in  the 
leads,  there  is  a  3-in.  shaft,  which  is  raised  and  lowered  by  the 
usual  hoisting  cables.  The  shaft  runs  throufih  boteB,  which  are 
atlached  to  guides  which  run  up  and  down  the  leads  according 
to  the  depth  required.  A  12-in.  belt  drives  the  shaft  which  runs 
from  a  drum  on  the  hoisting  engine.  This  engine  also  furnishes 
power  for  turning  the  leads  to  the  position  required.  A  4H-in, 
circular  eaw  is  attached  to  the  bottom  of  the  aliaft.  The  whole 
equipment  ia  usually  mounted  on  a.  flat  scow,  at  each  end  of  which 
ia  placed  a  steam  winch  which  furnishes  the  motive  power. 

The  procedure,  for  instance  on  an  ore  dock  foundation,  ia  to 
start  with  the  leads  swung  in  line  with  the  center  of  the  first 
row  of  piling  and  then  proceed  the  length  of  the  row  with  the 
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use  of  the  steam  winches.  The  machine  is  then  swung  Bi'ound 
and  the  second  row  is  out  olT  by  the  same  method.  Eat-h  row  in 
turn  is  sawed  oiT,  it  being  only  necessary  to  swing  the  driver 
the  distance  re<]uired  to  be  in  line  of  the  center  of  each  suc- 
ceeding row. 

It  has  been  found  that  this  equipment  makes  a  very  accurate 
cut  at  depths  down  as  far  aa  28  ft.  The  average  capacity  is 
approximately  500  piles  per  10-hour  day.  However,  on  several 
occasiona  an  average  run  of  S60  piles  and  over  per  day  has  been 
kept  up  for  two  weeks  running.  The  cost  of  cutting  the  piles 
varies,  of  courses,  with  labor  and  material  conditions.  It  ranges  i 
around  15  ct.  to  50  ct.  per  pile  according  to  depth. 

In  extending  the  ways  at  the  steel  ship  yards  of  the  G.  M. 
Standifer  Co.  at  Vancouver,  Wash.,  last  summer  the  special 
outfit  shown   in   the   drawing  was  employed   for   sawing  off  the 

The  launching  ways  consist  of  30  bents  of  piling  of  S  pile^ 
each,  spread  6  ft,  center  to  center  of  bents.  All  underwater 
bracing  was  done  by  divers  before  starting  cut-ofF  operations. 
At  the  stage  of  river  at  which  the  work  was  to  be  done,  the 
lowest  cut-olf  was  some  7  ft.  below  water  level.  The  two  out- 
side rows  of  piling  were  cut  off  by  hand  on  a  grade  parallel  to 
the  required  true  grade  and  7  ft.  above  it,  thus  bringing  thiR 
temporary  cut-off  at  water  surface  at  the  lower  end.  A  12-in  X 
12-in.  cap  was  then  placed  the  full  length  of  the  way  on  this 
temporary  cut-off.  This  cap  was  fitted  with  a  3-in.  X  4-in.  strip 
on  top  to  act  as  a  guide  on  which  the  carriage  support  was  to 
move.     The  remaining  inner  rows  of  piling  were  not  cut. 

The  carriage  support  consisted  of  two  lO-io.X  12-in.  timbers, 
cross  braced  8  ft.  apart  and  fitted  with  trues  rods  so  as  to  span 
the  space  tietween  the  two  temporary  caps.  On  these  two  tim- 
bers were  fitted  2-in.  X  2-in.  strips  with  a  2-ia.  X  2-iii.  angle 
iron  to  serve  as  a  rail  for  the  traveling  carriage.  On  the  car- 
riage was  mounted  a  25-hp.  motor  which  drove  the  saw  shaft 
with  a  quarter-turn  belt.  The  saw  shaft  was  set  square  with 
the  carriage  fraAiing  and  so  varied  from  the  vertical  an  amount 
equal   to  the  grade  angle. 

The  48-in.   circular   saw   was   fitted   at  the  lower   end   of  this 
shaft   at   the   elevation   of   7   ft.  below  the   temporary   cut-off  — 
that  is,  so  it  would  cut  on  the  true  grade  line.     A  hand  wind- 
lass with  light  cable  anchored  at  the  ends  of  the  carriage  gupporl 
provided  means  for  movement  of  the  carriage  transversely.     Tlie    ! 
carriage  sup)>ort  was  pulled  ahead  from  bent  to  bent  by  cable    < 
line  from  a  donkey  engine  on  shore- 
In  operating  the  saw  the  carriage  was  moved  to  the  upper  end 
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of  the  way  with  tlie  saw  on  the  lower  side.  The  donkey  line 
skidded  it  ahead  alon;;  tlie  temporaiy  caps  to  the  first  bent. 
The  saw  was  started  in  the  center  space  and  cut  the  piling  on 
one  side  of  the  center  line,  being  fed  through  them  by  the  hand 
windlass.  The  outside  pile  was  only  cut  about  three-fourths 
through  on  account  of  its  supporting  the  saw.  The  saw  was  then 
fed  through  the  piling  at  the  opposite  side  of  the  center  line, 
and  returned  to  the  center  ready  to  be  skidded  ahead  to  th&  next 
bent.     The  outside  piles  were  cut  ihe  remaining  amount  by  hand 
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Fig.  283.     Cut-off  Saw  for  Cutting  ofT  Piles  below  Water  Lina 


after  the  saw  liail  passed  oi'er.  Caps  were  placed  in  tlie  usual 
way  by  divers  using  block  and  tackle.  The  full  equipment  waa 
easily  transferred  to  the  next  way. 

A  distinct  advantage  of  the  saw  cutting  was  that  it  preserved 
a  very  true  and  even  grade  in  spite  of  the  smalt  irregularities 
in  the  driving  of  piles.  The  time  actually  required  for  cutting 
off  one  way  after  the  preliminary  work  was  done,  was  about  2^ 
or  3  hours,  one  way  of  216  piles  actually  being  done  in   1  hr. 
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SCALES  I 

Portable  FlaUorm  BoaleB  adapted  to  the  weighing  of  all  kinds 
of  general  merchandiee. 

Capaci^  Siie  of  pluform  Ftice                           I 

in  lb.                              in  inchn  1.  o.  b.  New  Ymk  I 

BOD                               16  by  25  tM.OO 

lOOO                           18  bv  ZT  ai.io 

1500                               22  by  31  11.80 

2500                               2B  by  34  SS.OO 

WheelbftrTOW  Soalea  with  runs  on  both  sides  for  wheelbarrowB 
and  hand  trucks.  j 

Capacity  Siioof  plaHorm  Price 

in  lb.  in  incliei  /.  o,  b.  New  Ymk  | 

IDOa  12  by  3«  -  ITS.OO 

2000  41  by  3E  St.OO 

Steelyard  or  Welghmatter's  Beam  with  a  capacity  of  2,000 
lb.  beam  7  ft.  10  in,  long,  weighing  127  lb.  costs  $76  f.o.b.  New 
York. 

Track  Scale  for  weighing  of  material  in  small  cars  with  a 
capacity  of  4  tons  weighs  about  820  lb.  and  costs  $112  f.o.b. 
New  York. 

Cost  oi  Track  Scales.*  On  the^New  York  Central  a  100-toa 
track  scale,  42  ft.  long,  cost  ae  foUowe,  in  1W2: 

ScalM  and  maleriata   »1,T80.00 

L«bof   MO.0O 

To*il   n.noM 

8.7  ions  nils  (rclayerB),  at  120  t  ITl.OO 

U  lies  at  W.6e  ».!» 

Mi^cdlODeoua  malerial  JW.OO 

Labor  laying  track.  el« TO.OO 

Grand   total' ti,«aM 

No  piles  were  used  in  foundation. 

The  cost  of  SO-ton  track   scales,  42  ft,  long,  on   the  Northern 
Pacific,  in   ISOO,  averaged   as  follows; 
*  Hand  Book  of  Oost  Dais,  by  H.  P.  Oillelte. 
660 
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,*. %  S80.00 

otter  msUrialB   170.00 

Labor  (tlTGIo|300)  250.0) 

ToUl    11,000.00 

The  cost  of  80-tou  track  Bcales,  60  ft.  long,  in   1906,  was 
(ollowB : 


LBbor  (1600  to  (TOO)  060.00 

ToMJ     P,»0.00 
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SCAAIFIEBS 

A  scarifier  illustrated  by  Fig.  2H4  h  so  deaigned  that  it  ma; 
be  steered  independently  of  tlie  hauling  engine  and  can  tum 
around  in  its  own  tra^^ks.  The  teeth  can  be  lowered  or  lifUd 
instantly  by  a  lever  and  the  angle  at  which  they  enter  tha 
ground  can  be  adjusted  to  suit  conditions.  It  may  be  hauld 
by  a  roeJ  roller  of  10  tons  or  more  and  two  men,  one  on  the 
roller  and  one  guiding  the  scarifier  constitute  tbe  crew.  Thli 
machine  costs    $700   f.o.b.   Chicago. 


Fig.    284.     Scarifier. 

A  pneumatic  scarifier  for  attachment  to  a  motor  road  rollei' 
consists  of  a  cylinder  attached  to  the  rear  of  the  roller  framn 
and  is  operated  by  air  pressure  from  the  storage  tanks.  The 
teeth  are  forced  downward  by  the  air  pressure  on  the  piston. 
The  air  is  supplied  by  a  small  compressor  mounted  on  the  engine 
cylinder  and  operated  by  the  ensine  from  the  crank  shait.  This 
attachment  co«ts  $1,100  f.o.b.  Chicago,  A  similar  attachment 
for  a   steam   roller  operated   by  steam   costs  $700. 

A  scarifier  for  attaebment  to  a  steam  roller  weighs  1,1.50  lb. 
and  costs  $450. 

Another  type  of  scarifier,  built  on  the  same  general  lines  as  a 
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road  nutcbine,  and  also  fitted  with  a  grfuler  blade,  has  6  rooter 
teetli  ou  10  inch  ceoters,  the  width  of  the  blade  is  0  ft.,  the 
weight  is  approximately  8,400  lb.;  price  $1,500  f.  o.  b.  Chicago. 

The  following  ia  the  cost  of  ripping  up  pavement  by  hand  com- 
pared with  the  cost  of  doing  this  by  machine. 

20  men  wilb  pickB  U  IS.DO  par  day t     40.00 

8h»r|«nings6  picks  at  W  cl 8.00 

ForwBsn     3.00 

Out  per  dar  lor  ITO  ft.  of  nnd  16  ft.  wide  t     Sl.OO 

Oo«l  per  mile   (1,585.00 

The  co»t  by  machine  was  as  foltows: 

OpCTiMr  on  mKhlne    f  iM 

Sfaarpening   picks iM 

Rt^ler  optrMor    3.00 

Puri.  vie SAIO 

Bent  of  rcdler  10.00 

C«t  perday  for  181S  tl.  of  road  IS  ft.  wide  VeM 

Oott  per  mile  ^IM 


SCSAFEBS 

(See  Grading  Machines,  page  388) 
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SCREENS 

(See  Crushers.) 

Ordinary  sand  and  coal  acreens  cost  from  $6  to  tl8  each. 

A  make  of  revolving  screen  mounted  on  a  wooden  frame  and 
furnished  vith  shafting,  gears,  etc.,  but  no  power,  is  made  in 
two  standard  diameters.  Any  practical  length  or  numljer  of 
sizing  sections  may  be  had.    The  following  are  the  prices   of 


Screens  in  permanent  plants  should  be  made  of  the  best  steel. 
A  carbon  steel  screen  of  %-in.  plate,  after  handling  10,000  to 


Fig.   285.     Wagon   Side   Screen. 

14,000  yards  of  crushed  trap  rock,  was  reduced  to  ^  inch  at  the 
point  where  the  chute  delivered  it.  The  holes  had  been  enlarged 
from  I^g  inches  to  I'^g  inches,  and  from  2%  inches  to  2^4* 
inches.     A   i^-inch   rolled   manganese  steel  plate   screen   replace^l 

(164 


the  first  screen,  and  after  handling  10,000  cubic  yarda  showed  no 
appreciable  wear. 

Another  make  of  screens  mounted  on  frames  with  no  power 
costs  as  follows: 

Din  meter  Lengtli  PricM 

in  inchn  In  laet  I.  o,  b.  f  acMrr 

24  Grsr  driven  «  ^  Mi 


51  Holier  driien  iO  1,«» 

m  Boiler  driven  24  9,800 

The  above  screens  may  be  had  in  other  lengths  than  those  in- 
dicated   st   corresponding   prices. 

Wagon  Bide  Screen,  A  screen  illustrated  by  Ilg.  2SS  was 
described  in  Engineering  Tiewa- Record  by  Donald  A.  Thomas. 

The  Bcrwn  is  supported  by  props  and  by  one  side  of  llie  wagon 
being  loaded.  Using  the  ordinary  mason's  screen,  the  cost  of 
this  work  averaged  a'lout  44  et.  per  yd.  tor  the  screened  product, 
including  loajling.  About  one-third  of  the  material  handled  was 
waste.  By  throwing  the  material  against  the  wagon  screen, 
allowing  the  waste  to  droii  t(j  the  ground  and  the  screened 
gravel  to  roll  into  the  wagon,  the  coat  given  was  cut  to  about 
22  ct,  per  yard. 

The  screen  used  was  3  ft.  wide,  and  the  length  of  the  dump 
wagon  about  6  ft.  The  frame  is  made  of  2  x  4-in.  scantling 
with  two  cross-braces  of  the  same  material.  It  is  covered  witif 
screen  wire  having  H~in.  to  1^-in.  mesh,  which  gives  a  satisrnctory 
product.  The  angle  at  which  the  screen  is  set  can  be  varied  to 
suit  the  material  being  dug.  The  tower  edge  of  the  screen  is 
provided  with  hooks  to  hang  on  the  side  boards  of  the  wagon, 
while  the  other  side  of  the  screen  is  supported  by  posts  hinged 
on  bolts  to  the  edge  of  the  frame. 
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SHOVELS 

There  ia  not  much  difference  in  cost  between  a  poor  ebovel  an<l 
a  good  one  antl  this  difference  ia  quickly  mode  up,  witJi  the  use 
□f  a  good  Bhovel,  in  the  added  life  and  the  increase  in  the 
material  handled  over  that  of  the  poor  type.  For  ea^h  particu- 
lar kind  of  work  there  is  a  shovet  designed  which  is  best  suited 
to  produce  the  most  work  with  a  given  effort.  In  excaTatJng, 
a  long  handled  shovel  is  generally  to  be  preferred  and  it  should  . 
be  of  a  type  having  the  handle  nearly  parallel  to  the  blade.  ! 
For  loose  material  a  square  pointed  shovel  ia  better  tiian  a  j 
round  pointed  one  aa  more  material  can  be  handled  with  it  than  I 
with   t)te  round,   using  practically   the   same  effort.  I 

In  unloading  material  from  a  steel  car  a  pointed  Mid  shovel  ■ 
ia  best  to  start  the  work.  After  the  bottom  of  the  car  has  been 
reached  the  square  pointed  ahovel  is  the  best  to  use.  This  type 
of  shovel  should  have  a  bend  near  the  blade  so  that  the  shovel 
can  lie  gripped  close  to  the  load,  which  will  add  to  the  ease  of 
shoveling 

In  mixing  concrete  on  a  platform  a  square  pointed  shovel  i* 
to  be  preferred.  A  shovel  for  this  purpose  should  have  a  low 
rib  so  that  the   material  will  not  stick   to  the  blade 

A  shovel  for  packing  the  concrete  in  forms  should  not  have 
much  rib  that  may  become  clogged.  A  perforated  shovel  is  good 
for  this  use  but  it  should  be  cajrfuUy  cleaned  as  the  concrete 
will  harden  and  fill  up  the  perforations.  If  it  hardens,  the 
shovel  is  liable  to  break  when  hit  to  dislodge  the  concrete. 

Concrete  Faaing  Spades  with  long  handles  and  perforated 
blades  cost  about  S22.80  per  doz.  with  liandles  4%  ft.  long, 

Conorete  fiboTeU  with  hollow  back  and  square  point,  D  handles.  | 
cost  $24.70  per  doz.  I 

Ore  Sboveli  with  hollow  back  and  D  handle  cost  $24.70  per 

Back  Strap  and  Hollow  Back  round  and  square  point  shovels 

cost  from  S22.80  to  $24.40  per  doz. 

Back  Strap  and  Hollow  Back  Scoops  cost  from  $24.70  to  $27.10 
per  doz. 

Breakdown  Scoops  cost  from  $28.50  to  $30.90  per  doe. 
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TeletrrftplL  ?o«t  Hole  Shoveli  cost  about  (24  per  Aoz.  with 
Bft  handles. 

TeleKr&ph  Fort  Hole  Spoons  with  S-ft.  handles  cost  about 
*24  per  doien. 

A  Study  at  ShoTelinff  hb  Applied  to  Mining.  The  following 
notes  from  a  paper  hj  G.  Townsend  ITarl«;  in  the  Bulletin  of  the 
American  Iiutitute  of  MiMing  Engineera  are  quoted  here  with 
kern  admiration  for  their  ecientiTic  value  and  scholarly   preses- 

Stoping  methods  in  which  shoveling  plays  an  important  part 
are  frratlually  being  replaced  by  other  and  cheaper  methods. 
Hut  therei  will  always  be  considerable  shoveling  done  under. 
^ruund  in  stopes  as  well  as  in  drifts,  tunnels,  winzes,  and  shafts. 
At  tha  mines  of  the  Phelps-Dodge  Corporation  at  Tyrone,  N.  M., 
the  cost  of  shoveling  in  all  slopes  in  1017  amounted  to  24  ct. 
per  T.  In  the  top-slice  stopes  for  the  same  period,  it  cost 
i'  ct  per  T.  or  \6%  of  the  total  cost  of  these  stopes.  The 
tonnage  for  ohovelers  from  all  stoping  was  0.3  T.  per  man, 
and  for  top- slicing  S.2  T.  per  man.  These  stopes  were  not 
unduly  hot,  and  there  was  not  more  than  the  usual  amount  of 
timber  to   interfere  with  the  work  of  the  men. 

The  tonnages  obtained  per  shoveler  were  considered  low;  first, 
because  of  a  poor  grade  of  Afexican  labor,  many  of  the  men  hav- 
ing come  in  from  railroad  grading  camps;  and  second,  because 
of  a  poor  spacing  of  raises,  especially  in  the  top-slice  stopes, 
where,  in  general,  they  were  spaced  25  ft.  by  8B  ft.  centers. 
The  average  wage  per  laborer  shift  was  $2  67  during  the  year. 
It  was  thought,  however,  that  even  under  these  conditions  the 
men  were  not  producing  the  tonnage  that  they  should,  and  with 
the  consent  of  the  management,  the  writer  undertook  to  deter- 
mine how  the  general  edlciency  of  the  underground  shoveling 
could  be  improved. 

Freliminary  Work.  As  a  first  step,  several  weeks  were  spent 
underground  making  a  general  survey  of  the  field  and  making 
time  studies  on  various  men,  in  order  to  see  what  points  would 
need  to  be  determined  for  a  full  consideration  of  the  subject. 
The   following  factors  werff  soon  recognized: 

1 .  The  type,  weight,  si^e,  and  design  of  shovel  giving  the 
Kreatest  shift  tonnage  without  too  mui'h  wear  and  tear  on  the 
man  would  have  to  be  determined.  Tliis  work  would  also  de- 
lermine  the  point  at  which  a  shovel  should  be  discarded  as  worn 

2.  A  standsrd  of  comparison  would  be  ne<'essary  if  the  ill 
rlTects  of  mine  air,  powder  gas  and  smoke,  temperature,  humidity, 
and  poor  light  were  to  he  estimated. 
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3.  The  layout  and  spacing  of  ebutee  would  b«Te  to  be  studied 
with  regard  to  their  effect  on  shoveling  directly  into  tbe  chutes, 
or  loading  into  wheetbarrowe  or  care  and  tramming  to  tbem 

This  work  would  determine  the  proper  distance  at  which  shovel- 
ing into  a.  chute  should  leave  off  and  loading  into  a  wheelbarrow 
or  car  be  taken  up.  The  information  would  also  he  of  very 
great  use  in  planning  the  development  of  a  stope. 

Table    1. — Weightb   and  Volu^ie  of   Bbokes   Ore 
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4.  Hindrances   to    work    such    i 
throw  or  very  closely  spaced,  i 


md   forth   through  working   space,  etc. 


timber   standing   in    line    of 
supplies   passing   back 


to  obtain  maximum  results 
working  place,   and   size  of 


5.  Manner  of  pli 
from  them,  number  of  mpn 
working   place   required   per 

6.  The  hours  of  actual  work  and  the  cause  and  amount  of 
delays,  such  as  shoveler  interrupted  to  help  in  other  work,  etc. 

7.  Tlie  capacity  of. a  nisn   for  work  as  tlie  day  progresses. 

8.  Proper  rest  periods  for  men  to  maintain  maximum  efficiency. 

9.  Best   means   for   inatrueting  men   and   supervision   work. 

At  the  time  this  work  was  started,  three  types  of  shovels  were 
in  general  use  at  the  mines;  a  No.  2  scoop,  used  principally  by 
contractors  in  development  work,  but  favored  by  some  of  the 
shift  bosses  for  use  in  the  stopes;  a  No.  2  or  a  No.  3  square-point 
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^  14%  19  «W.P.  8W.P. 

1W2  IMi  l»?l  12  E.P.  11  E.P. 

•  Specialli'  M«dr  Twt  BhOT*l. 
E.P.  =  EBBlern  Falleru  Bcoop. 
W.P.  =  Weitarn  P«ttern  Scoop. 

S-handle  Bhovel  for  shoveling  off  of  a  mat  in  the  stopes;  and 
a  No.  2  Tound-poiat  long-handle  ahovel,  for  ecraping  down  a 
muck  pile,  ehovcling  off  of  a  rough  bottom,  cleaning  up,  etc. 
The  flret  task  wbb  to  determine  the  average  load  that  the  various 
types  and  sizes  of  shovels  would  handle,  in  order  to  he  able  to 
det«rraine  whether  the  21-lb.  load,  as  advocated  by  Dr.  Taylor, 
npplied  to  underground  work  as  well  as  to  the  surface  work,  and 
whether  it  was  the  beat  load  for  the  average  Mexican  laborer  of 
the  Southwest.  These  average  capacities  were  obtained  by 
repeatedly  shoveling  a  weighed  pile  of  ore  with  each  of  the 
shovels  and  counting  the  number  of  shovel  loads  required  to 
move  it.  Table  I  gives  the  number  of  cubic  inches  of  ore  in 
a  21-lb  load,  for  ore  breaking  to  different  volumes  per  ton; 
and  Table  2  give*  the  sizes  and  types  of  shovels  that  will  average 
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up  to  any  given  content.  Owing  to  the  variety  of  conditioiw  in 
under);round  shoveling,  sufh  as  the  material  of  which  the  shov- 
eling platform  is  made,  whether  of  wood,  iron,  or  natuTftI  bot- 
tom; the  unsized  material  shoveled;  and  the  amount  of  moisture 
in  the  ore,  causing  it  to  be  sticky  at  times;  these  average  shovel 
capacities  were  found  not  to  accord  with  actual  practice,  except 
over  test  periods  of  long  duration;  for  short  periods  they  would 
vary  as  much  as  %  lb.  from  the  average,  while  single  ahovel 
loads  would  vary  as  much  as  3  lb.  For  Burro  Mountain  ore, 
the  tables  show  that  it  requires  a  specially  made  shovel  with  a 
10.  by  13-in.  blade  to  hold  the  2I-lb.  load,  or  363  cu.  in.  In 
practice,  however,  we  are  using  at  the  present  time  a  No.  4 
square-point  shovel  holding  373  cu.  in.  and  a  No.  6  round-point 
shovel  holding  340  cu.  iu. 

During  the  period  of  preliminary  work,  it  was  discovered  that 
the  work  of  a  shovelcr  can  lie  classifled  into  the  following 
divisions,  each  susceptible  to  comprehensive  study  and  analysis, 
and  to  each  of  which  can  he  given  a  delinite  relative  time  value. 

Time  epent  actually  shaveling,  which  may  be  divided  into: 
Penetrating  mass,  lifting  mass,  throwing  mass,  and  return  to 
start  of  first  motion. 

Time  spent  picking  down,  considered  as  a  rest. 

Tramqping   and   dumping   time,   with   wheelbarrow   or   car. 

Time  spent  resting,  divided-  into:  Delinite  rest  periods  and 
delays   due    to    interferences,    blasting,    men    and    supplies    pase- 

Time  spent  other  than  in  shoveling,  not  counted  in  shoveling 
time,  but  included  delays  before  starting  to  work,  lunch  period, 
quitting  early  at  end  of  shift,  and  time  spent  on  other  work, 
helping  machine  man,  timbermen,  etc, 

Ily  studying  each  motion  separately,  it  was  possible  to  estab. 
lish  a  standard  time  for  each  and,  consequently,  a  standard  of 
performance  for  the  whole.  It  was  possible,  also,  to  discover 
which  were  the  most  tiring  motions  and  how  each  was  affected  by 
length  of  time  worked,  length  and  distribution  of  rest  periods, 
size  of  shovel,  design  of  shovel,  and  length  of  throw. 

It  was,  of  course,  impossible  to  time  all  the  motions  made  with 
any  one  shovelful  i  consequently  these  figures  had  to  be  obtained 
in  rotation,  each  figure  set  down  on  the  sheet  being  an  average 
of  10  consecutive  readings.  All  delays  and  rest  periods  were 
timed  and  all  wheelbarrow  and  car  loads  counted.  Aa  a  check 
on  the  tonnage  handled,  a  record  was  made  of  the  number  of 
shovelfuls  making  up  a  load,  the  average  capacity  of  the  shovel 
and  of  the  wheelbarrow  or  car,  an  estimate  was  made  of  the  ton- 
nage in  the  original  pile  and,  in  many  cases,  the  tonnage  drawn 


out  of  the  chute  Into  which  the  man  was  shoveling  oir  dumping 
the  ore. 

InvMtiStttioni  Hade  on  Snrfaoe.  In  oider  to  obtain  some 
standard  of  comparison  for  the  underground  work,  some  of  the 
mine  ahoTelera  were  brought  t«  the  aurface  and  a  recent  made 
of  their  work  under  ideal  conditions;  that  is,  with  good  air, 
good  liglit,  no  timber  to  interfere,  steady  shoveling  for  varioui 
JengthB  of  time,  and  standard  lengths  of  throw  for  the  muck. 
A  platform  was  built  on  Hie  side  of  the  mine-waete  dump, 
about  12  ft.  below  the  yard  level,  with  a  slide  from  the  track 
above  so  arranged  that  no  matter  what  quajitity  of  muuk  waa  in 
the  slide  the  toe  of  the  pile  was  always  in  the  same  place  on  the 
platform  and  tho  shoveler  did  not  have  to  move  up  as  shoveling 
progressed.  At  several  places  on  the  platform,  trap  doors  were 
installed  eo  as  to  obtain  any  desired  length  of  throw  into  what 
correepoitded  to  a  chute  in  the  mine.  The  muck  thrown  through 
theae  doors  rolled  down  the  side  of  the  waste  dump,  out  of 
the  way,  so  that  the  opening  was  always  clear.  A  track  was 
laid  along  the  side  of  the  dump  at  the  platform  level,  so  that 
tests  could  be  conducted  in  which  the  slioveler  loaded  the  muck 
into  a  car,  which  he  then  had  to  tram  a  distance  of  about 
100   ft.,  dump,  and  return   to   the   n?uck   pile  again. 

Testa  were  carried  un  for  2  mo.,  three  different  shovelers, 
taken  from  the  mines,  being  observed.  Each  of  these  men  was 
warned  that  he  had  to  work  at  h'w  best  speed,  all  during  the 
job,  but  that  be  was  not  to  overtax  himself.  lie  was  told  that 
when  he  became  tired  he  was  to  take  a  few  moments  rest,  as  it 
was  better  for  him  to  rest  at  intervals  than  to  try  to  work  all 
the  time,  at  the  expense  of  speed  and  capacity. 

Shorellng:  Dlreatly  Into  a  Chute.  All  of  the  underground 
Biioveliog  tests  may  be  classified  under  one  of  three  headings, 
shoveling  directly  into  chutes,  ahoveling  into  wheelbarrows  and 
tramming  to  chutes,  and  shoveling  into  cars  and  tramming  to 
chutes.  Each  of  these  series  was  conducted  independently  of  the 
others,  and  was  complete  in  itself.  The  men  under  observation 
worked  tor  periods  varying  from  1  to  H  hr  ,  and  for  each  length 
of  job  they  threw  or  trammed  the  muck  over  a  wide  range  of 
distances,  with  various  types  and  sizes  of  shovels.  In  all  the 
underground  tests,  the  work  was  done  under  the  actual  mining 
conditions,  with  the  one  exception  that  the  men  were  always 
under  observation  and  consequently  were  working  at  a  good 
speed  for  the  full  period  of  the  test  In  no  case  did  the  men 
overtax  themselves  and  we  fr«l  confident  that  all  tannages  ob- 
tained and  indicated  on  the  charts  are  easily  obtainable  by  a 
good,   but  not  asceptional,  Mexican   laborer   after  he  haa .  been 
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properly  instructed,  and  under  close  iDd  intelligent  eupervision. 
It  soon  became  evident  that  the  great  majority  of  ahovels  be- 
ing tested  were  not  euitahlc  for  effieient  work,  and  although  vre 
continued  to  work  with  them  to  some  extent,  we  have  charted  only 
the  woric  of  the  No.  4  Bhovel,  which  handles  the  21-lb.  load. 
togetJier  with  th?  No  2  seoap,  which  was  held  in  high  esteem 
by  many  of  the  men  in  the  operating  department.  In  each  of  tlif 
charts,  the  reaultn  obtained  during  the  surface  testa  are  plotted 
alongside  of  corresponding  re«ultB  from  undergronnd,  in  order  to 
Hccentiiate  the  adverse  effects  of  uiidei^[TOund  conditions  on 
shoveling  capacity. 

In  Fig.  286  will  be  found   the  number  of  shovels  per   minute 
thrown  into  a  chute  at  a  distance  of  8  ft.  from  the  ore  pile  for 


Fig.  266.     Effect  of  Length  of  Job  on  Number  of  Sbovela 
per    Minute. 

jobs  varying  in  length  from  1  to  S  hr.  In  all  of  these  charts,  the 
length  of  job  should  be  nnderstand  to  mean  the  total  worlcing 
time,  and  when  it  is  said  that  the  length  is  4  br.,  the  man  vai 
actually  oconpied  at  shoveling  ore  for  4  hr.,  and  th«n  his  worL- 
was  finished.  All  points  on  the  curves  are  corrected  averages 
tor   the  time   periods  to  which  they   correspond. 

In  connection  with  Fig.  28G,  the  following  facts  will  be  noted: 
For  all  lengths  of  job,  the  number  of  shovel s  per  minute  ):« 
greater  with  the  No  4  shovel  than  with  the  No.  2  scoop.  Both 
on  the  surface  and  underground,  the  speed  of  shoveling  decreases 
more  rapidly  with  the  scoop  than  with  the  shovel,  as  the  lenytb 
of  the  job  increases.  A  man  working  with  a  scoop  underground 
can  perform  at  only  72%  of  his  speed  on  surface  for  8  hr.  while 
with  a  No.  4  shovel,  he  can  work  at  82%  of  his  surface  speed. 
The  percentage  reduction  in  speed  between  surface  and  under- 
ground work  is  the  measure,  in  part,  of  the  elTect  of  mine  air. 
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powder  gas  and  Binoke,  temperature,  humidity,  and  poor  light, 
Under  the  same  condition  of  worit,  the  difference  in  speed  be- 
tween the  No.  4  shovel  end  the  No.  2  scoop  ie  due  to  the  dif- 
ference in  the  load  handled.  For  short  lengths  of  time,  the  dif- 
ference in  worliing  speed  Itetween  a  scoop  and  a  shovel  is  so 
small  that,  disregarding  rest  periods,  the  scoop  is  a  slightlj' 
greater  tonnage  mover  than  the  shovel )  but  for  longer  periods, 
the  difference  in  speed  is  such  that  the  shovel  with  Its  smaller 
capacity   moves  more  mucic  than  the  scoop. 

Fig.  287  indicates  the  manner  in  w)iich  the  length  of  throw 
will  affect  the  speed  of  the  shoveler.  The  decrease  in  shoveling 
speed  on  the  surface  amounts  to  an  average  of  2.5%  for  every 
'      distance  thrown   in   the  case  of  the  scoop,   and 


Fig.  287.     Effect  of  Distance  Thrown  on  Number  of  Shovels 
per    Minute. 

1.8%  lor  the  No.  4  shovel.  Underground,  the  working  speed  is 
decreased  more  rapidly,  being  respectively  4.4%  and  3.2%  per 
foot  increase  in  throw.  The  rate  of  decrease  in  shoveling  speed, 
both  on  lite  surface  and  underground,  is  greater  for  the  heavily 
loaded  scoop  than  for  the  shovel. 

To  find  the  average  shoveling  speed  for  any  length  of  job  and 
tor  any  distance  that  the  ore  has  to  he  thrown,  the  number  of 
■hovels  per  minute  for  a  throw  of  B  ft.,  for  the  proper  period, 
can  be  obtained  from  Fig.  28G;  this  ran  be  iiN'reased  or  dimin- 
ished by  the  proper  percentaRC  oljfained  from  Fig.  287,  depend- 
ing  on  whether   the  distaDce  is  less  or  greater  than   8   ft. 

Fig  288  shows  the  amount  of  rest  re([uired  for  shoveling  jobs 
of  various  lengths.  The  scoop  again  has  a  n^ative  effect  both 
on  surface  and  underground,  causing  a  man  to  use  up  more  time 
in  resting  than  with  a  No.  4  sliovel.  The  rest  period,  as  con- 
sidered here,  is  made  up  of  tlie  time  consumed  in  delays,  the 


674        HANDBOOK  OF  CONSTRUCTION  EQUIPMENT 

time  Bctually  spent  in  reating,  during  which  the  man  may  amoki 
m  cigarette  and  sit  down  for  a  few  minutea,  and.  tbe  time  used  ii 
loosening  the  muck  pile,  scraping  up  the  dirt  on  the  shoTetiof 
plat,  or  doing  other  light  work,  not  actually  ahoveling,  bui 
cloael;  related  to  it. 


f- 

I: 


Fig.  288,     Rest  Period  Required  for  Various  Lengths  of  Job. 

Over  a  long  period  it  waa  possible  to  demonstrate  the  feaaibilitj 
of  accurate!}'  determining  the  percentage  of  the  working  day  that 
a  man  will   actually  devote   to  ehoveling.     Tile  working  -day  at 


I  I 


Fig.  289.     Average  Tonnage  Shoveled  per  Hour  for  Any 
Length  of   Job. 

the  Burro  Mountain  mines  is  8  hr.,  i^  hr.  of  which  H  piven 
up  lo  the  lunch  period,  leaving  7*^  hr.  aa  the  total  paasLlil<> 
working  time.  It  waa  found  that  ot  this  7*6  hr.,  the  niBM 
actually  worked  at  shoveling  for  62.5%  of  the  time,  or  for  6  br. 
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and  12  min.,  and  on  all  the  charts  inTolving  time,  this  particu- 
lar length  of  job  has  been  designated  by  a.  special  line.  The 
remainder  of  tbe  poeeible  working  time,  or  17^%,  ia  spent  on 
other  work,  quitting  earlj  for  lunch  or  to  leave  the  mine  or 
commenehig  to  work  late  at  beginning  of  the  shift  or   after 
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Fig.  -280.    Comparison  at  Worker  of  Xo.  2  Seoop  and  No.  4  Shovel 

Fig.  289  givea  the  average  tonnage  per  hour  to  be  expected  of 
a  man  throwing  the  mnck  a  distance  of  8  ft.  over,  any  period 
of  time;  and  Fig.  290  gives  the  total  tonnage  shoveled  for  any 
period,  over  the  aame  dlBtance. 

Fig.  301  shows  how  the  time  of  shoveling  one  shovelful  of 
ore  is  influenced  by  the  length  of  the  job,  with  the  length  of 
throw  remaining  constant.    In  chart  B,  the  total  time  of  handling 
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ore  Bhovelfnl  of  muck  has  been  divided  into  ita  component 
movements.  The  lines  representing  the  work  of  penetrating  maas, 
lifting  matiB,  and  return,  show  a  constant  increase  as  the  len^h 
of  job  InoreaaeB.  The  actual  increase  in  the  time  of  each  move- 
ment is  not  due  so  much,  we  think,  to  a  decrease  in  the  speed 
of  making  the  move,  which  probably  is  fairly  constant,  as  it  is 
to  an  ever -in  creasing  period  of  rest  taken  at  the  beginning  and 
end  of  each  movement,  which,  however,  was  too  short  to  be  ac- 
curately timed.  Throwing  mass  is  not  influenced  as  much  as  the 
other  moves,  as  the  muck  must  be  thrown  along  a  definite  path, 
which  is  limited  to  distance  and  height,  and  hence  a  constant 
speed  must  be  maintained  to  carry  it  over. 


!■•  i; 
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Fig.  201.     Time  Consumed  in  Handling  One  Shovelful  of 
Muck  wilh  No.  4  Shovel  Underground. 

The  reader  will  be  well  repaid  by  a  careful  study  of  Fig. 
290  and  the  following  points  should  be  noted: 

1.  The  difference  in  tonnage  handled  by  the  same  shovel,  on 
the  surface  and  underground,  for  any  length  of  job,  is  the 
measure  of  the  bad  effects  of  underground  conditions.  For  a 
job  of  H  hr,  and  12  min.,  with  a  No.  4  shovel,  the  underground 
work  is  20.(5%  less  than  on  surface. 

2.  The  difl'erence  between  the  amounts  shoveled  with  the  No, 
2  scoop  and  the  No.  4  shovel,  under  same  conditionH,  is  the 
measure   of  the  effect  of   the   difference   in   load  handled  by  the 

3.  Each  line  on  this  chart  shows  a  peak  at  some  particular 
length  of  job,  and  the  total  tonnage  shoveled  for  any  greater 
period  than  this  is  actually  less.  The  point  at  which  this  peak 
occurs  ahoald  be  t«rnied  the  "economic  shoveling  day,"  and  a 
company  should  not  rc^uint  its  men  to  work  at  shoveling  any 
longer  than  U>is,  except  in  emergency  cases. 
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4.  Tb«  presence  of  thie  peak  accords  with  the  experience  of 
many  superintendentB  and  managers,  who  state  that  their  men  do 
more  work  in  an  8-hr.  day  than  they  did  on  an  old  10-hr.  basis. 

5.  The  "  economic  shoveling  day "  is  about  9)^  hr.,  with  a 
Xo.  2  scoop  on  the  surface,  and  5^  hr.  underground.  With  a 
No.  4  shovel,  on  the  surface  8  hr.  is  about  the  proper  length  of 
day,  while  underground  0^  hr.  seema  to  be  about  oorrect.  As 
the  men  actually  ehovel  only  0\^  hr.  per  day  on  an  average  and 
as  their  uther  work  is  generally  of  a  very  light  nature,  the  8-hr. 
day  with  the  correctly  proportioned  ahovcl  is  probably  the  best; 
but  xitii  a.  scoop  it  is  certainly  too  long, 

6.  For  work  oD  the  surface,  on  jobs  lasting  longer  than  4% 
hr.,  the  No.  4  shovel  ie  superior  to  the  scoop.  Underground  the 
Xo.  4  shovel  demonstrates  its  superiority  tor  jobs  longer  than 
3%  hr.  The  acoop  then  may  be  conBidered  as  a  tank  shovel  for 
short-time  jobs,  but  even  here,  its  value  is  only  slightly  greater 
than  the  Ko.  4  shovel,  besides  tiring  the  man  so  that  he  is  unfit 
for  other  work  when  the  shoveling  task  is  finished.  There  is  also 
the  additional  danger  of  having  some  men  continunlly  trying 
to  use  the  scoop  for  the  full  shift,  thinking  that  the  amount 
of  work  (and  hence  the  amount  of  pay  in  the  ea^e  of  contract 
and  bonus  systems)  is  greater  as  the  size  of  the  ehovel  increases. 

The  following  formulas  show  the  manner  in  which  use  is  made 
of  the  figures* presented  in  the  preceding  diagrams: 

Let  17  =  w(-ight  of  load  on  shovel,  in  pounds; 
X  ^  number  of  shovels  per  minute: 
P  =  per  cent,  of  time  actually  shoveling; 
L  =  length  of  job,  in  minutes; 
T  =  total  tonnage  shoveled; 

n  =  number  of  shoveU,  per  minute  for  an  8-ft.  throw; 
p  —  per.cNit.  increase  or  decrease  due  to  various  lengths 
of  throw; 

W  X  y  X  P  XL 

2S55 =  ^  y=na.m±p) 

Eiamplf  1.— Whol  will  be  lie  total  tonnagn  handlea,  using  ■  21  lb.  load 
iIiDTel.  throwiDE  Ihe  or*  S  (t..  nnderKrsnnd.  for  a  }ah  ot  ^  hr.  dorationt 
CliBrt  B,  Fig.  a».  «bowi  that  for  i  bi.  a  miia  wiU  aTetAge  10.1  sbovelt  per 
minute,  and  Chart  B,  Fit.  2S8,  Bbowa  that  be  wiU  actually  sbovel  79% 
of  the  E  hr.  period,  Iberafore: 


™g!*ht 


■bowl  that  for  S  br.  I 
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Staovcling  lAto  a  WheeDwrrow.  The  charte  presented  in  this 
MrieB,Fig«.  292  to  295,  follow  as  cloBely  as  possible  the  Heries  just 
diBcuaaed,  but  offer  only  the  resulte  obtained  with  the  No.  4 
D-handle  shovel.  It  was  sood  disoovered  that  a  throw  of  3  ft. 
to  the  wheelbarrow  gave  the  beat  results  as  far  as  number  of 
shovels   per   minute   and    reet   periods    required   were   concerned, 


Fig.  292.    Effect'  of  Length  of  Job  o 
per   Minute. 


Number  of  Shovels 


and  in  all  sabsequent  work  the  ore  was  thrown  ftito  the  wheel- 
barrow from  thiit  distance.  It  will  be  noted  that,  in  Mg.  2S2, 
for  any  length  of  job,  the  number  of  shovftls  per-  minute  are  less 
than  when  throwing  S  ft.  into  a  chute  i  this  is  due  to  the  fact 
that  the  ahuveler  must  place  each  shovelful  carefulij  to  keep 
whralbarrow  from  spilling  its  contents  snd  to  make  it  ride  easily. 
Chart  A,  Fig.  293,  shows  the  length  of  time  consumed  in  tram- 
ming and  dumping  a  wheelliarrow  over  an;  distance  and  chart 
B  shows  the  average  tramming  speed  developed  for  any  distance. 
For  this  chart  careful  dolenninat  ions  were  made  of  the  distance 
in  which  it  takes  a  man  to  acquire  full  speed  and  the  distance 
in  which,  after  having  attained  full  speed,  he  can  make  his 
stop.  The  full  speed  rate  of  travel  In  stopea  will  average  165 
ft.  per  minute.  The  wheelbarrow  in  une  is  the  No.  7,  which  boldn 
3  cu.  ft.  and  stands  21  in.  above  the  floor  at  point  of  maximum 
height.    The  niavlmum  load  in  a  wheelbarrow  should  be  about 


670 

300  lb.  KB  larger  loads  are  too  CKbausting,  and  lighter  loads 
consttme  too  much  time  in  tramming  and  dumping. 

Chart  A,  Fig.  204,  shonrg  the  per  cent,  of  time  a  man  will 
work  during  aoy  given  working  period,  the  lengtb  of  tram  in 
each  case  being  20  ft.    The  rest  period  is  practically  a  constant 


Fig  203.  .  Effect  uf  Distance  on  Time  and  Speed  of  Tramming. 

proportiMi  of  any  lengtb  of  job,  as  that  pert  of  the  trammiag 
time  in  which  the  man  brings  the  empty  wheelbarrow  back  to 
the  ore  pile  is  virtually  a  rest  period.  For  long  trams,  the  work 
of  tramming  the  loaded  barrow  is  ho  heavy  that  a  greater  rest 
ix   required. than  is  obtained  on  the  retura,  and  chart  B  shows 


Fig.  294.     Rest  Period  Required  for  Various  Conditions  of  Work 

bow  the  reet  period  increaBen  for  a  constant  length  of  Job,  as 
the   length   of   tram   increases 

Fig.  295  shows  the  tonnage  to  be  expected  of  a  man.  bssed  on 
Figs.  202  to  204,  for  any  length  of  iob,  the  length  of  tram  be- 
ing constant  at  20  ft.    This  chart  shows  that  the  shoveler  has 
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not  quite   readied   hia   msximum   capacity  at  the  end  of   8   hr- 
Two  reasons  are  advanced  for  thie:    (1)  Ab  long  kb  a  tnan  can 


throw  the  ore  into  a  ohuW,  he  haa  a  fairly  dirtct  throw   from 
the  ore  pile  to  the  chute,  and  with  a  car  he  has  a  deflnite  path 


Fig.  206    Effect  o 
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to  traverse  each  trip.     With  a.  wheelbarrow,  however,  the  direc- 
tion and  lengtli  of  tram  is  coDstantlj  varfio^,  as  is  also  the 


amonnt  at  interferenee  Irom  other  trammers,  timbenuen,  machine 
men,  etc  The  retarding  influence  of  these  factors  iacreasea  as 
the  leD){th  of  the  tram  increaaes.  (2)  The  aequence  of  operations, 
shoveling,  tramming,  dumping,  etc.  is  of  aueh  short  duration  and 
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clianges  so  often  from  one  to  the  other-that  it  is  very  hard  to 
keep  up  any  pace  that  may  be  set  and  probably  an  unnecessary 
amount  of  rest  is  indulged  in  for  b11  periods. 

Slioveliss  into  a  Car.     Fig.  206  shows  the  number  of  shovels 


i;: 

L 


Fig.   208.     Effect    of    Distance   on   Time    and    Speed 
of  Tramming, 

n  car  for  any  length  of  job.  In  this 
as  thrown  a  horizontal  distance  of  4 
ft.  into  a  mine  car  42  in.  high;  4  ft.  seems  to  be  the  best  dis- 
tance to  maintain  bet*een  dar  and  are  pile,  for  a  man  to  work 
to  the  best  adwtintage.  Due  to  the  lieiglit  of  the  car,  the  capacity 
of  a  shoveler  is  decreaie«l,  aa  compared  to  his  capacity  in  shovels 
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per  minute,  when  loading  into  a  wheelbarrow,  l^i»  decreue  id 
Bhoveling  speed  amounts  to  about  S%  per  foot  of  height.  The 
best  tTpe  of  car  for  a  shoveler  to  uee  haldB  about  a  t«n  of  ore,  ia 


as  low  as  is  consiBtent  with  good  design,  certainlj  not  over  43 
in.  in  height,  and  is  equipped  with  roller  bearings,  which  should 


be  kept  in  the  best  of  eowlitien.  Can  much  larger  than  this 
are  too  hard  to  tram  and  cars  much  ainaller  uae  up  too  much  of 
the  Hhovelers'  time  tramming  bsck.an^  forth.  ,   ,.  . 
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Fig.  207  shows  the  effect  of  having  to  throw  the  ore  a  greater 
distance  than  4  ft.  into  the  car,  for  a  given  length  of  job, 
using  a  'So.  4  D-handle  shovel.  For  every  additional  foot  be- 
tween the  car  and  the  ore  pile,  the  height  of  the  car  remaining 
constant,  tjie  decreaBc  in  ahoveling  speed  amounts  to  about  3.0%. 

In  Fig.  2&S,  chart  A  shows  the  time  consumed  in  tramming, 
dumping,  and  returning  with  the  car,  over  various  distances. 
Chart  B  abows  the  average  tramming  speed  that  will  be  developed 
for  on;  (Ustanoe  over  which  the  M'e  has  to  be  conveyed. 

Fig.  20aA  shows  the  amount  of  rest  required  for  various  lengths 


Fig.  301     Comparative  Efficiency  of  Different  Methods  of 
Handling  Ore  in  Slopes. 

of  jobs  under  constant  conditions  of  length  of  tram,  and  distance 
and  height  through  which  the  ore  is  tlirown  liy  the  slioveler. 
For  any  length  of  job,  as  the  length  of  tram  increases,  the  amount 
of  rest  needed  is  increased  as  kIiuwu  in  chart  B.  Both  of  these 
lines,  however,  are  quite  fist,  for  a  man  can  get  very  nearly 
enough  rest  as  he  returns  each  trip  with  the  eraply  car. 

Fig  300  shows  the  tonnage  to  beexpected  of  a  man  mucking  into 
a  car  and  tramming  a  constant  distance,  for  various  lengths  of 
jobs.    It   will    be   noticed   that  the  economic   shoveling  day    is 
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between  T  and  8  hr.  and  that  the  maximum  average  reenlta  to  be 
expected  of  a  mine  shoveler  under  the  given  conditicHis  have 
probably  been  reached. 

Fig.  301  IB  made  up  for  a  unifona  ahoveling  da;  of  0  hr.  and 
12  min.  and  showB  the  tonnage  to  be  expected  uader  average 
Bhoveliog  conditions  tor  any  distance  that  the  ore  must  be  thrown 
or  tramiced.  Tbe  line  repreBenting  the  tonnage  to  be  expected 
of  a  man  tvith  a  wheelbarrow  may  not  be  entirely  cotrect,  es- 
peL'intly  aa  the  length  of  tram  increaael.  It  is  thought  that  up 
to  16  feet,  the  line  is  about  correct  but  that  it  may  slope  off 
a  little  too  rapidly  beyond  tbiB  point.  On  the  other  hand,  the 
wheelbarrow  is  generally  used  where  neither  direct  shoveling 
nor  tbe  use  of  a  car,  with  its  attendant  track  expense,  etc.. 
Is  feasible,  consequently,  the  wheelbarrow  is  always  at  work 
under  adverse  conditions  In  a  stope  and  no  improvem^nte  over 
the  results  here  tabulated  are  to  be  expected.  The  writer  thinks 
that  the  work  with  a  wheelbarrow  in  a  stope  has  been  closely 
approximated  but  that  a  greater  efficiency 'could  be  obtained  in  a 
dear  and  unobetructed  way,  such  as  a  drift.  The  calculation  of 
the  tonnage  expected  when  tramming  either  with  a,  rar  or  wheel- 
barrow, for  any  length  of  job  and  distance  trammed,  is  espreoHed 
in  the  following  fonoulaa: 

Let  W  :=  weight  of   load   on   shovel,   in   pounds; 

y  =  number  of  shovels  per  minute.  Figs.  292  and  296; 

P  =  per  cent,  of  time  actually  shoveling,  Figs.  294  and 
299; 

L  =  length    of    job,    fn   minutes; 

T  =  total  tonnage  shoveled; 

«  =  time  to  load  one  car  or  wheelbarrow; 

6  =  time  to  tram  and  dump  one  car  or  wheelbarrow,  in 
minutes.  Figs.   293  and  21)3; 

c  =  load  on  one  car  or  wheelbarrow,  in  pounds; 
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Table  3.— Schedule  or  Weab  op  Shovels 

ToDDBge  bandied  by  blades  made  of 

OhTOaie-  Secret  Oomman      Liilit 

nickel  Camt-oai  Carboa     Csrboil 

Tnw  of  BhoTel       Used  on                  Steel  tion  Steel     Sleel         Steel 

No.  1  (COOP        Iron  ebet^-               ItCD  MS  ISO      • 
No.  2  KDop        Hough  boltom 

So.  2  BCOOD        Wooden  mat             1500  1100  900 

N«.  *  abofel        Iron  sheet                  990  Tin  «E0            2(0 

No.  4  (hovel       South  bottom          107&  870 

No.  4  BhoTGl       Wooden  mat             IKS  lOUO  730            310 

Oage  of  (lesl  in  blade                          IB  13  14              16 

OoM  of  nbOTel  DOT  loo 

handled,    cent  0.OO15       0.0018        0.0019        0.0026 

W«ar  of  BboveU.  To  determine  the  relative  wearing  quklitiee 
and  the  cost  per  ton  for  auppljing  the  men  underground  with  new 
abovele,  different  plaMs  in  the  mines  were  equipped  with  dif- 
ferent makes  and  atyles  of  ehovelg  and  the  results  carefully 
not«d.  .At  frequent  intervals,  these  shovels  nere  measured  to 
detect  the  wear  of  the  blade,  and  checked  up  to  see  that  all  were 
l>eipg  uaed  !□  the  proper  places  underground;  the  tonnage  com- 
ing from  each  place  and  the  number  of  shovelere  nnployed  were 
also  noted.  Table  3  gives  the  resuite  obtained '  with  the  dif- 
ferent shovels. 

The  shovels  made  of  chrome-nlelcel  and  special  steel  were  ex- 
cellent implements  but  the  special  steel  shovel  was  eonsideralil; 
heavier  Uian  the  other.  Cracks  developed  along  the  form  line  <^ 
the  chrome-ntcltel  steel  blade,  on  each  side,  but  these  did  not 
impair  the  shovel's  usefulness.  The  blades  of  the  three  other 
nhnvela  bent  easily  with  rough  usage:  while  the  blade  made  of 
extr*  light  carbon  steel  wore  very  rapidly  and  the  edges  curled 
up  almost  immediately.  The  No.  2  scoop  was  used  ufttil  Its 
capacity  had  been  reduced  26%  and  the  No.  4  shovel,  until  its 
capacity  had  been  reduced  9%.  The  cost  of  shovel  per  ton 
handled  Includes  the  cost  of  the  shovel,  supply-house  handling, 
handling  new  shovels  into  mine,  and  disposal  of  worn  shovels. 
We  had  hoped  to  be  able  to  detect  a  difference  in  the  main 
efficieiicy  on  account  of  the  different  styles  and  weights  of 
shov^  in  nee  at  this  time,  but  owing  to  the  constantly  changing 
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conditions  in  the  working  places  eeleeted  for  the  trisla,  no  con- 
clusive  eviJence   was    available. 

The  wearing  quality  of  any  shorel  used  on  an  iron  sheet  varies 
from  74%  to  SS%  of  the  wearing  quality  of  the  same  shovel  on 
a  wooden  mat,  the  average  being  B2%.  The  wearing  quality  of 
a  shovel  on  a  rough  bottom  ie  about  00%  of  that  on  a  wood  mat. 
These  figures  are  based  on  about  SO  observed-  shovels  under- 
ground. 

Type  of  Bhorel  Adopted.  Testa  were  conducted  with  square- 
aiid  round-point  shovels  varying  in  siae  from  No.  2  to  No.  6 
and  with  standard  No.  2  scoops,  to  determine  what  size  of 
shovel  was  beet  adapted  to  the  work.  For  short  jobs  of  less  than 
i  hr.  duration,  the  No.  2  scoop  and  the  No.  S  and  6  shovel  were 
slightly  the  best  from  the  standpoint  of  tonnage  handled;  but  for 
jobs  requiring  more  than  4  hr.  for  their  completion,  the  No.  4 
sliovel  was  greatly  superior,  see  Fig.  200.  From  the  standpoint  of 
"number  of  shovels  per  minute,"  work  with  a  scoop  is  at  bII  times 
slower  than  with  a  No.  4  shovel,  see  Fig.  2B0,  and  as  the  day 
progreaseH  the  percentage  of  lime  required  for  resting  becomes 
greater  with  the  scoop  than  with  the  shovel,  see  Fig.  288.  The 
result  is  that  although  for  ehort  work  periods,  the  larger  capacity 
of  the  scoop  brings  the  total  tminage  handled  above  that  of  a 
No.  4  shovel,  for  long  periods  the  increased  amount  of  rest  re- 
quired when  handling  the  heavier  load  serves  to  put  the  No.  4 
shovel  considerably  in  the  lead  aa  a  tonut^  mover.  With 
shovels  smaller  than  the  No.  4,  the  number  of  shovels  per 
minute  was  not  increased  and  the  amount  of  rest  reajuired  was 
not  decreased  enough  to  make  the  smaller  shovel  superior  for 
any  working  period.  It  may  he  stated  as  a  generalization,  that 
for  shovels  smaller  than  the  2I-lb.  load  shovel,  the  tonnage 
handled  per  shift  is  approximately  directly  proportion*!  to  the 
shovel  capacity;  that  is,  if  a  man  using  a  No.  4  shovel  will  handle 
20  T.  in  an  8-hr.  shift,  with  a  No.  3  shovel  which  holds  01% 
of  the  load  of  a  No.  4  shove),  he  would  be  expected  to  shovel 
about  24  T.  a  shift.  If  the  increased  cost  of  nhoveling  With  a. 
smaller  shovel,  or  one  that  has  been  worn,  is  balanced  against 
the  cost  of  fiutting  a,  new  shovel  underground  and  disearding 
the  old  one,  it  will  indicate  the  economic  limit  of  wear  of  the 
shovels  in  use.  We  have,  for  the  present,  rather  arbitrarily  se- 
lected as  the  limit,  a  shovel  of  size  No.  4,  which  has  been  worn 
to  about  12  in.  in  iengtih,  or  roughly  a  0%  to  10%  reduction  of 
caparity. 

The  lift  of  a  shovel  is  very  important.  By  "lift"  is  meant 
the  amount  of  rise  in  the  handle  just  behind  the  blade.  A  handle 
that   is   not  veiy  much   bent  at   this  polat,   but   which   goes  off 
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3tra.ight,  is  Raid  to  h&ve  a  low  lift,  irtiila  one  ttiAt  arches 
steeply  is  said  to  posBeea  a  high  lift.  To  work  with  a  shovel 
having  a  low  lift  the  man  must  stoop  down  more  each  time  to 
(ake  a  grip  on  his  shovel  after  it  has  peoetrated  the  mass,  and 
the  added  movement  takes  longer,  and  requires  a  greater  effort 
to  lift  the  weight  of  the  bod;  and  the  load  through  a  greater 
space.  Ah  a  result,  more  rest  is  required  in  the  course  of  a  day. 
With  a  very  low  lilt,  the  shovel  is  not  well  balanced  and  there  is  a 
tendency  for  it  to  turn  over  tn  the  hand,  especially  ii  it  is  not  loaded 
evenly.  With  a  high  lift,  the  man  does  not  have  to  stoop  so  far  to 
^raxp  his  shavel,  the  amount  erf  rest  period  is  decreased,  and  the 
loaded  shovel  is  better  balanced,  because  its  center  of  gravity  is 
well  below  the  line  of  the  handle.  A  lift  of  8  in.  is  the  beat,  as 
n-ith  greater  lifts  the  awkwardness  of  the  throwing  movement  is 
considerably  enhanced.  The  height  of  t^  end  of  the  handle  above 
the  Hoor  when  the  shovel  blade  is  flat  on  the  floor  is  of  con- 
siderable importance,  too;  this  is  the  measurement  t^t  the 
manufacturers  call  the  "  lift."  In  a  ahort-haiidle  shovel,  the 
end  of  the  handle  should  strike  just  above  a  man's  knee,  a  height 
of  23  in.,  to  give  the  most  effective  effort  in  penetrating  the 
mass.  With  a  long-handle  shovel  the  height  should  be  the  same 
at  a  distanw  back  of  the  liladf,  corresponding  to  the  lengUi  of 
the  short  handle. 

It  is  an  advantage  to  hate  the  weight  of  the  shovel  as  low  as 
is  consistent  with  good  material  'and  length  of  life.  Increasing 
the  weight  of  the  ^oTel  stows  np  every  motion  involved  in 
shoveling  and  increases  the  amount  of  resting  required.  How- 
ever, it  is  not  wise  to  go  to  extremes  in  the  matter,  as  a  vMy 
light  shovel  does  not  possess  the  strength  and  wearing  qualiti«B 
and  the  cost  of  replacement  is  greater  than  the  advantage  gained 
in  shoveling  speed.  In  a  persona)  communication,  Hr.  Frank  B. 
Gilbreth  says:  "The  21-lb.  load  refers  to  shoveling  sjiy  kind 
of  material  anywhere,  above  ground  or  below  ground,  and  this 
is  the  live  load  upon  the  shovel  and  does  not  include  the  weight 
of  the  shove).  I  make  this  statement  after  having  asked  this 
question  of  Mr,  Taylor.  Olwiously  it  would  have  been  better  if 
the  data  had  been  obtained  on  the  Ijaaia  of  having  the  load,  live 
and  dead,  combined  in  one  figure." 

As  we  lacked  information,  we  assumed  thaA  Mr.  Taylor  e:(peri- 
mented,  at  least  in  part,  with  stock  shovels,  which  weigh  about 
li  lb.  in  the  Mo.  4  size.  Our  eEperiraents  were  conducted  with 
shovels  of  both  regular  and  special  design,  varying  in  weight  from 
4  lb.  10  oz.  to  6  lb.  B  oe.  and-  we  found,  that  ahovds  weighing 
between  5  lb.  6  oz.  and  5  lb.  10  ta.  give  the  greatest  per  man 
capacity.    This  id  a  thtal  ctnnbined  live  and  dead   weight  irf 
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20  lb.  8  oz.  to  26  lb.  10  oz.  A  shovel  of  this  weight  con  be  made 
very  sturdily,  th«  gtmge  of  bitde  beii^  No.  IS  of  some  compoBition 
steel  and  the  handles  of  beit  selected  XX.  second-growth  northern 
white  ash.  With  heavier  shovels,  there  is  b.  distinct  falling  off 
in  capacity;  while  for  lighter  shovels,  a.lthough  we  could  detect  no 
difference  in  capacity,  the  wearing  quality  was  poorer,  due  to  lack 
of  atfength. 

The  uRe  of  the  scoop  is  not  advocated  except  where  the  material 
to  be  moved  ia  so  light  that  the  scoop  holds  only  21  lb.  Even  for 
short  jobs  its  nse  oflers  only  a  doubtful  advantage,  see  Fig.  290. 
For  shoveling  oB  any  »ort  of  a  mat  or  plaUorm,  the  square-point 
shovel  is  the  better;  while  for  scraping  down  and  working  on  a 
rough  bottom,  the  round-point  shovel  should  be  used.  Where 
there  is  plenty  of  room  for  men  to  work,  the  long-handle  shovel 
of  both  square-  and  roHiid-point  pattern  is  superior  to  the  short- 
handle.  This  is  true  for  all  dislanoes .  and  heights  to  which  the 
ore  has  to  be  thrown,  and  the  farther  or  the  higher  the  ore  has 
to  be  thrown,  the  more  prououBced  is  ihe  superiority  of  the  long- 
handle  type.  U.  J.  Haun  says  thai  where  men  are  working  in  a 
free  apaee  they  can  do,  on  an  average  10%  more  work  with  a 
long-handle  Bhorel  than  with  the  short-handle;  that  the  limit  of 
throw,  -taking*  only  one  step,  is  12  ft.  with  a  long-handle  shovel  and 
0  to  10  ft.  with  a  short-handle  shovel.  We  have  checked  Hauer  on 
these  points  and  find  iiis  statements  on  the  relative  efficiency  of 
Uie  two  types  of  shovels  to  be  BUliBtautially  correct;  but  we  found 
that'  it  k  ecoDtHDy  to  throw  as  far  as  .12  ft.  with  a  short-handle 
shovel  and  14  ft.  -with  a  loog-baudle.  Unfortunately,  however, 
Hvost  working '  places  undei^round  are  very  restricted  in  area 
a»d  it  is  neceesary  to  use  the  short-handle  shovel.  Where  one 
tnan-  in  shoveling  in  a  drift,  or  one  to  each  set- of  timber  in  a 
stope,  the  long-handle  ebovel  <iin  be  used  to  advantage.  Where 
men  are  working  2^'to  3  ft.  apart,  a  short-handle  shovel  should 
be  used.  According  to  D.  W.  BtuntoB  a^d  J.  A.  Davis,  in  U.  S. 
Bureau  o(  Mines'  Buil.i^o.  f>7,  the  minimum  spacing  of  men 
working  side  by  side  in  a  drift  sbould  be  2.5  ft.  Calling  the  per- 
formance 'Of  a  ftquartpoint  shovel  on  a  wooden  mat  100%,  the 
etB*ieney  of  a  square-pcint  shovel  woikiBg  on  a  rough  bottom  U 
only  60%  while  with  a  round-point  shovel  an  efSciency  of  about 
70%  may  be  maintained. 

Fig.  302  Bhows  the  design  considered  best  adapted  to  mining 
work.  The  blade  should  hold  21  lb.  of  brt^en  ore  as  an  average 
toad.  Tlie  approxijnate  dimensions  of  blades  for  various  ores 
tire  ^v«n  in'Table  2;  the  dimensions,  on  the  illustratifins  are 
for  Blirro  Mountain  am.  Both -the  square-  and  the  round-point 
blad^  «fiould  be  of  standard  shape,  of  No.  IS  gaugf  at  the  point, 
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aad  of  meh  eomposition  that  the  shovel  will  handle  sot  lees  than 
1100  T.  of  medium  hard  ore  when  shoveled  off  a  wooden  mat. 
Ail  blades  should  be  of  plain  liack  type  without  rivets,  the  baelc 
strap  Ijeing  weided  to  the  blade.  Only  beat-grade  second-growth, 
northern  white  ash  should  be  used  for  the  handle,  which  should  be 
bent  to  the  shape  sjid  dimensions  shown.  On  short-handle  shovels, 
the  Dirigo,  or  split  D,  hEindle  is  preferred,  as  it  is  much  stronget 
than  the  ordinary  D  handle. 


Fig.302.     Design   of   Shovel   Best  Adapted   to  Mining  Worb.- 

'Correct  Shoreline  Kettaodi.  A  right-hand  shoveler  throws  the 
ore  from  his  right  sMe.  When  using  a.  short-handle  sitovel,  he 
grasps  the  D  handle  with  his  left  hand,  the  cross  of  the  D  being 
in  the  palm  6f  the  hand  to  obtain  a  good  hold,  sjid  with  the 
right  hand  takes  a  grip  on  the  handle  just  back  of  the  straps. 
Standing  close  to  the  material  to  be  shoveled,  he  bends  his  back, 
shoulders,  sjid  knees,  and  assumes  a  squatting  position  so  as  to 
remain  well  balanced  on  his  feet.  The  left  hand  grasping  the  D 
handle  rests  against  the  left  leg  just  above  the  knee,  and  the  ri^ht 
arm  below  the  elbow  rests  on  the  right  leg.  Without  moving 
the  feet,  the  whole  body  is  hinged  forwards  from  this  position, 
thrusting  the  shovel  blade  forcibly  under  the  muck  pile,'  and 
heaping  it  fall.  To  elevate  the  fnll  shovel,  the  knees,  back,  and 
shoulders  are  simultaneously  straightened,  the  feet  remaining 
motionless.  To  throw  the  ore  into  a  car,  after  the  shoveler  has 
reached  a  nearly  erect  position,  the  shovel  is  raised  farther  by 
drawing  up  the  arms,  the  left  hand  acting  as  a  moving  fulcrnm, 
and  the  load  is  cast  directly  over  the  right  shoulder  without 
turning  the  body  or  moving  the  feet.  To  east  in  a  horiionta] 
direction  for  any  distance,  the  body  must  be  turned  part 
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aiound  to  the  right  and  a.  abort  step  made  in  the  direction  of 
the  throw;  the  load  ie  cast  b;  g,  iwing  of  the  ftrmB,  first  ^ighUy 
backward  to  obtain  momentum  and  then  forclbl;  forward  to 
deliver  the  load. 

V^hta  using  a.  Itmg-handle  ehoval,  a  rif^bt-band  man  grasps  the 
ahovel  close  to  the  end  of  the  handle  with  the  left  hand  aod  places 
the  right  band  just  back  of  the  atrapa.  The  fe^  are  pla«ed,  and 
the  bodj  asBumes  a  crouching  poaitioo  with  knoee  beat  and  the 
right  elbow  resting  on  the  right  thigb  just  above  tlie  knee.  The 
handle  of  the  shovel  lies  across  the  left  thigb  close  to  the  groin 
and  the  left  hand  falls  into  position  B^inet  tbe  body  near  the 
waist.  With  a  lunge  of  the  body  the  sbovel  is  then  thrust  under 
.  the  ma^is  of  ore  without  moving  the  feet.  To  lift  the  mass  on 
the  loaded  shovel,  the  back  and  shoulders  are  straightened  and 
the  load  ia  brought  up  by  using  the  left  thigh  aa  a  fulcrum,  over 
which  the  ahovel  handle  works  as  a  lever;  the  knees  are  then 
straightened  to  bring  the  shoveler  into  an  erect  position  where 
the  ore  ia  cast  directly  over  the  right  shoulder  into  a  car  as 
with  the  short-handle  ahovel.  To  cast  the  toad  horizontally, 
a  turn  to  the  right  is  made  and  a  short  step  in  the  direction  of 
the   throw,   exactly  as   nith  the   abort-handle   shovel. 

It  is  surprising  what  a.  small  proportion  of  the  men  under- 
ground know  how  to  use  a  shovel  to  the  best  advantage,  and  all 
soirtp.  of  tricks  arer  rasorted  to  in  an  effort  to  lighten  the  work. 
Among  these  are;  Taking  leas  than  a  shovelful  each  time,  using 
tha  foot  in  an  effort  to  force  the  shovel  into  tfbe  nntck  pile  in 
the  manner  of  using  a  spade,  skimming  a  thin  layer  of  )oo«e 
dirt  off  the  sides  of  the  muck  pile  instMd  of  ener^i^icBlly  pen- 
etrating ,the  mass  to  obtain  a  full  ahovel.  load,  not  holding  tbe 
shovel  propMly.  and  taking  two  or  threp  ^tepa  with  each  load- 
To  obtain  the  higbeat  shoveling  eiSciency.  underground,  every 
man  hired  ai  a  shoveler  should  be  plaeed,  in  a  particular  stope 
or  working  place  that  is  directly  in  charge  of  a  shoveling  boaa. 
This  boss  should  have  had  a  large  atcperience  in  shoveling,  have 
learned,  correct  ahoveJing  methoda,  and  ahould  be. able  to  instruct 
men  and  gain  their  cwifidence.  Eac^  man.abiould  -be  taught :  <  I ) 
The  necessity  of  using  the  correct  type  iif  ahovel  for  ajiy  given 
purpose;  (2)  the  proper  way  to  handle  a  shovel;  (3)  the  range 
of  usefulness  of  wheelbarrow  and  car;  (4)  the  advantage  of 
using  a  platform  to  ahovel  from;  when  shoveling  has  progressed 
beyond  the  platform  time  should  be  taken  to  ailvance  the  boards 
or  iron  sheet  and  to  acrape  the  broken  ore  forward  onto  the  plat- 
form:  (6)  the  mass  of  briAen  or^  should  be  thoroughly  loosened 
with  a  pick;  it  la  waste  of  effort  to  try  to  shovel  material  that 
has  become  packed;    (B)    shovelinji  should  |tie  done,  at  a  good 
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steady  pace,  the  Bpecd  depcmding  on  the  len^b  of  the  job;  it  is 
waate  of  time  and  energy  to  try  to  ruah  through  the  work;  (7)  in 
addition  to  the  amount  of  rest  inherent  in  the  wort  itself,  that 
is,  the  rest  gained  while  picking  down,  tramming,  etc.,  definite 
rest  periods  Bbonld  be  maintained  during  the  day.  WhMi  each 
man  has  been  thoroughly  instructed  in  tJie  methods  of  shoveling, 
he  shonld  be  placed  in  gmenil  run-(rf-mine  work  among  the  more 
experienced  shovelera,  so  that  another  new  man  may  take  bia  plac« 
for  instruction. 

When  possible  to  avoid  it,  a  shoveler  shonld  never  be  made  to 
work  alone.  Sitovelers  working  in  pairs  produce  the  best  results, 
as  they  set  the  pace  for  one  another  and  compete  to  a  large  extmt, 
besides,  any  laKnees  can  be  detected  almost  at  once.  Shovelers 
should  be  placed  in  groups  of  two,  four,  six,  etc.,  so  that  the  men 
can  work  in  pairs.  It  is  best  not  to  hare  more  than  four  men 
in  any  group,  aa  with  larger  groitpa  it  is  hard  to  watch  the  work 
□f  each  man  separately  and  they  try  to  put  the  work  off  on  one 
another.  Best  results  are  always  obtained  when  the  tonnage 
shoveled  by  each  man,  or  small  group  of  men,  can  be  accurately 
measured  at  the  end  of  every  shift.  When  niNi  are  shoveling  in  a 
stope  where  there  is  room,  they  should  be  so  placed  that  each  can 
use  a  long-handled  shovel;  where  the  area  is  restricted,  a  short- 
handle  shovel  should  be  given  to  them  and  they  should  be  placed 
so  that  a  right-hand  and  a  left-hand  man  can  work  together. 

The  ideal  shoveling  day  is  the  period  during  which  a  man  pan 
rest  at  stated  intervals  and  can  produce  the  maximum  tonnage  by 
working  at  a  steady  pace  for  the  full  period,  and  yet  not  wear 
himself  out.  so  that  his  health  is  impsired.  It  is  obvious  that  a 
steady  working  pace  for  the  full  period  is  physically  impossible 
unless  the  rest  periods  are  excessive,  in  which  case  the  total 
tonnage  handled  falls  off;  in  other  words,  a  man  cannot  do  a  good 
day's  work  and.  leave  the  job  feeling  as  fresh  as  when  he  arrived. 
In  all  of  the  tests,  the  shovelers  showed  a  decreasing  efGciency, 
as  the  day  advanced ;  rest  periods  brought  up  the  efficiency,  but 
after  each  successive  rest  period  the  efficiency  did  not  advance  to 
quite  the  same  point  as  after  the  preceding  period,  and  at  the  end 
of  the  shift  it  had  reached  its  lowest  ebb.  Much  work  can  still 
be  done  on  this  point,  but  after  eoOBidering  the  amount  of  rest 
that  is  inherent  in  the  work  itself  and  the  amount  of  added  super- 
viuion  necessary  to  maintain  shoveling  on  a  scientific  basia,  the 
tentative  statement  is  made  that,  in  addition  to  the  lunch  period, 
there  should  he  two  lO-min.  periods  of  complete  relaxation,  one 
midway  between  the  t>eginning  of  the  shift  and  lunch  time  and 
the  other  midway  between  lunch  and  quitting  time. 

The  wa^'  in  force  at  present  at  the  Burro  Mountain  mine«  f** 
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MezicBu  BhoveJere  ie  $3.40  a.  da;.  Auuniing  that  thie  ia  a  fair 
wage  for  this  class  of  labor,  to  put  the  men  in  the  proper  frame 
of  mind  to  take  kindly  to  the  bonus  Bjatem,  the  wage  should  be 
raised  to  $3.75  a  day,  an  increase  of  10.3%;  this  wage  will  be 
paid  to  them  whether  th^  maJce  the  required  tonnage  or  Bot.  If 
aDf  msji  makes  the  timnage  required  of  him,  hia  wage  may  be 
raised  to  $4  fcff  that  shift,  an  increaae  of  17.ft%  alwve  the  $3.40 
rate,  although  this  has  not  been  designated  in  Table  4.  If  he 
produces  anything  over  the'  required  amount,  he  should  be  paid 
a  bonus  per  ton,  depending  on  the  original  task  allotted  to  him. 
In  order  to  make  an  increase  of  50%  over  his  old  $3.40  rate,  a 
shoveler  will  have  to  produce  between  26  and  30%  more  than 
his  allotment.  Experience  has  shown  that  when  a  laborer  re- 
ceives an  advance  in  wages  of  more  tiian  about  SO  to  S0%  above 

Table  4, —  Bowtjb  Patments  to  he  Applied  to  Shovblebb.     Babe 
Hate  of  $3.73  peb  Day  Is  Guaranteed  to  Mah 
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a  fair  wage,  he  tends  to  become  abiftleBs  and  the  increase  does  him 
mora  hu'in  th&n  good. 

Fig.  301  BhowB  that  under  good  working  cmditionH  a  laborer 
moving  oro  20  ft.  ahouid  use  a  wheelharrow,  and  ahould  move 
21.6  T.  According  to  Table  4,  this  man  will  receive  $3.75  a  da? 
for  anj  work  up  to  21.6  T.,  or  at  the  rate  of  t0.1T6  a  T.  If  he 
Teaches  the  required  21.5  T.,  his  wage  will  become  t4,  or  »t  the 
rate  of  S0.183  a  T,  and  for  every  ton  over  U»  required  amount  he 
wiU  receive  $0,186  a  T.  In  each  individual  case,  the  man  setting; 
the  standard  of  work  should  make  sure  whether  there  are  any  in- 
terfering dements  that  will  prevent  the  man  making  the  standard 
tonnage,  in  which  case  be  should  make  a  fair  r«duetion. 

In  1917,  in  a  stope  with  raiaea  spaced  26  tf  66  ft  from  which 
was  mined  145,000  T.,  the  shovelere  average  a.S  T.  a  mail.  With 
wages  at  $3.40  a  day,  this  shoveling  cost  90^3  a  T.,  assuming 
th&t  the  man  were  on  other  work  for  1T.S%  of  the  day.  Charts 
show  that  under  the  new  system  these  men  should  have  averaged 
22.9  T.  a  man,  far  which  they  would  have  received  $4  a  day. 
This  would  be  an  average  shoveling  cost  of  $0,175  a  T,,  or  a 
gross  saving  of  $22,476  for  the  year.  Out  of  this  gross  saving 
wouM  have  to  come  the  cost  of,  say,  five  special  men,  at  an  averse 
salary  of  $160  a  month,  or  a  total  of  $9000  a  year,  to  take  care 
of  this  branch  of  the  work.  This  sum  deducted  from  $22,475 
leaves  a  saving  of  $12,875,  or  a  total  shoveling  cost  of  $0,239  a 

STEAK  SHOVELS 

Steam  shovels  may  be  divided  into  two  classes,  the  railroad 
type  and  the  revolving  type. 

The  railroad  type  is  mounted  on  standard  gauge  railroad  trucks 
and  is  best  adapted  for  heavy  work.  The  boom  of  this  type 
machine  revolves,  the  rest  of  the  machine  remaining  stationary. 

The  revolving  ebove]  is  a  later  development  and  its  construction 
enables  it  to  swing  in  a  complete  circle. 

The  railroad  type  shovels  are  built  weighing  as  much  as  140 
tons,  but  about  the  most  powerful  steam  shovel  regularly  built 
weighs  95  tone.  For  general  work  a  6'yard  dipper  may  be  used, 
Init  for  iron  ore  or  shale  an  extra  heavy  one  of  2>^  or  3%  yard^ 
capacity  is  better.  The  clear  lift  from  the  rail  to  the  bottom  of 
the  open  dipper  door  is  16  ft.  6  in.  and  the  maximum  width  of 
cut  S  ft.  above  the  rail  is  60  ft  This  shovel  has  a  record  out- 
put of  four  to  five  thousand  yards  per  day.  A  ateam  shovel 
adapted  to  extra  bard  conditiona  is  the  80-ton;  the  bucket  used  is 
generally  3  cubic  yards  for  rock  work  or  4  yards  for  earth.  The 
clear  lift  is  16  ft.  and  the  width  of  cat  60  ft    A  70-ti»  shovel  is 
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the  Mie  most  in  demand  for  heavy  work  under  average  condi- 
tions. It  eairiea  a  2  to  3^^-ya.rd  dipper;  the  cle^r  lift  ia  16  ft, 
6  in.;  width  of  cut,  80  ft.  For  work  where  the  depth  or  amount 
of  e\oavBt!on  ie  not  great  enough  to  warrant  A  70-ton  shovel  a 
60-ton  is  more  economical.  A  8^-cubic-yard  dipper  1b  generallv 
used;  clear  lift,  16  ft.;  width,  54  ft.  A  4S-toB  shovel  is  designed 
for  use  on  fairly  heavy  work,  but  where  lightness  and  ease  of 
transportAtion  are  essential.  Capacity  of  dipper,  2  yards;  clear 
lift,  14  ft.;  width  of  cut,  50  ft.  A  4Q-ton  diovel  is  designed 
for  lighter  work  or  sewer  excavation. 

From  observations  made  by  the  author  on  half  a  hundred  steam 
shovels  in  actual  operation  during  a  considerable  number  of  weeks 
the  working  capacities  shown  in  the  table  on  page  716  have  been 
recorded.  From  these  observationa  the  average  number  of  cubic 
yards  per  day  excavated  by  all  shovels  in  all  materials  was  934. 
This  ia  perhaps  less  than  may  be  expected  on  a  wdl-managed 
job.  A  shovel  should  load  a  dipper  60%  full  every  20  seconds 
while  actually  working.  About  50%  ot  the  time  the  shovel  is 
held  up  by  variou»  causae,  euch  as  waiting  for  traiDB,  moving 
altead,  waiting  for  blasts,  and  making  repEurs.  With  a  S^^-yanl 
dipper  a  shovel  should,  therefore,  excavate  1,360  cuUc  yards  in 
10  hours. 

The  maximum  width  of  cut  given  by  shovel  manufacturers 
is  far  greftter  than  the  actual  average  as  recorded  in  observa- 
tions made  by  the  author.  70  to  95-ton  shovels  make  an  average 
cut  of  281^  ft.  wide.  With  a  30  or  40-toD  shovel  the  average  cut 
ia  not  mnch  more  than  20  ft.  in  width. 

The  following  notes  on  steam  shovels  are  from  "  Hajtdbook  of 
Steam  Shovel  Work,"  which  embodied  a  report  made  to  the 
Bucyrus  Co.  by  Construction  Service  Co.,  under  tlie  Author's 
direction  in  191(1 

Pronegg  of  Loading,  The  process  of  loading  consists  in  seizing 
the  material  after  it  has  bem  reduced  tA  a  fit  condition  and 
placing  it  either  in  its  ultimate  position  or  upon  a  vehicle  for  the 
purpose  of  transportation.  With  hand  shovels,  unless  the  material 
be  sand  or  gravel  or  very  soft  loam,  it  is  essential  that  it  lie 
broken  in  order  that  the  woiicmeD  may  be  able  to  handle  it.  With 
a  steam  shovel,  however,  much  of  the  breaking  can  be  done  by  the 
power  of  the  shovel  itself  aided  by  teeth  which  are  fastened  to 
the  dipper,  so  that,  in  many  instances,  rock  which  has  been  im- 
perfectly blasted  is  further  reduced  by  the  crushing  and  tearing 
up  of  the  teeth  drivfM  by  the  ateam  power  of  the  shovel's  mechan- 
ism. The  steam  shovel  then  is  frequently  called  upon  to  perform 
not  only  its  priqwr  function  of  loading,  but  to  a  large  est«nt  the 
other  process  of  breaking  the  material. 
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Great  Varialiem  in  Bteam  Shovel  Ef^mmj/.  In  contrast  to  the 
above,  Uie  steam  shovel  is  dependent  for  its  work  upon  bo  many 
factora,  any  one  of  which  may  very  greatly  help  or  hinder  it,  that 
there  is  a  far  greater  diversity  of  results  than  in  the  case  of  the 
hand  work.  Thus,  on  the  standard  tiasis  for  labor  that  we  have 
assumed  in  thie  report,  the  direct  labor  cost  alone  for  loading 
varies  from  ^  cent  to  nearly  13  cents  per  cubic  yard,  as  ob- 
served. 

Co-operation  of  Other  Proceuet  vtith  the  Steam  Shovel  Work. 
When  a  shovel  in  loading  rock,  for  instanee,  its  own  efficiency  in 
very  df'pendent  upon  the  manner  and  thoroughness  with  which  the 
rocl<  has  been  broken.  The  blasting  must  he  of  such  quality  as  to 
lirealciup  the  rock  so  that  the  shovel  can  easily  handle  jt  without 
leaving  ridgee  that  prevent  the  laying  of  the  shovel  track  to 
grade.  We  have  had  experience  with  work  where,  because  the 
lilasting  charge  was  not  concentrated  in  the  bottom  of  the  holes, 
the  ridgea  were  »o  pronounced  that  the  shovels  were  unable  to 
operate  more  tjian  50%  of  the  working  day,  the  rest  of  the  time 
being  spent  in  waiting  while  the  rock  was  "  mud  capped."  Here 
inefficiency  of  shovel  work  was  due  aitirely  to  improper  blasting. 

How  lHueh  Work'Mvat  There  Be  to  Eamuunieaily  Justifj^  the 
Use  of  a  Steam  fiftocelf  This  i]iiestion  is  vital  on  a  large. per- 
centage of  alf  ek«aWalion  contracts.  To  anewef  it,  eimply  calcu- 
late the  total  coet,  including  the  cost  of  installing;  the  plant,'  and 
divide  this  total  by  the  oniric  yards  >of  maiteriiil  to  b^  handled. 
A  compariHon  of  the  (|uoUcntn  for  the''  dilTerent  methods  will  Isdi-' 
cate  which   one  should  be   followed. 

QcKerol  Condition!  aad  FonanlBSi— £l«p«<r«.  Tke  cost  of  re- 
pairs sbcoid  be  apportioned  to'  the'iHoric  turned  out  rAthcr  than 
considered  as  a  function  of  the  Qge>of  the  shovel.  It  \/i\\  be 
higher  tor  rock  than  earth  work  and.highei:  for  hsdly  broken  rock 
than  for  well  blasted  material.  Thus,  in  a  given  material,'  the 
repair  bill  for  a. season's  output  oi  500,000  cubic  yai-ds  may  be 
expected  to  be  twice  that  in  which  the  shoveLIoaded  onl;  260,000 
yards.  Time  alwie  does  not  affect  tlie  uait  of  rost  of  repairs.- 
The  reverse  of  this  proposition  obtains  in  the  caaeoi 

Depreciation.  If  the  machine  lie  kept  in  proper,  repair  the  de- 
preciation in  its  value  is  afTected'  by  time  alone,  regardless  of 
the  work' that  lit  is  doin)^.  Man;  concerns  claita  the  depreciation 
and  repitirs  under  one  account,  but  this  practice. is  inaceurate 
and  misleading.  There  is  great  dinagreeement  among  acoountantd 
as  to  how  depreciation  should  be  Qgnttd,  and  there  are  men;  so 
called  depreciation  formulas  and  "  curves."  The  simplest'  to  use, 
and  one  which   for  steam  shovel   work   is   satisfactory   If   proper 
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X  — ,  where  »  =  origioKl  Talue, 

b  =  valne  oo  renmal  oc  Ml«i 

X  =  %  al  deDreoialioD. 
TtieD  X  diiided  b;  the  output  for  the  ixriod  c  will  be  the  cwt  ot  depreoia- 
llon  p«r  unit  a(  performHOce. 

The  working  life  of  a  Bteam  ghovel  may  safely  be  aaiimted  at 
20  yeara,  and  taking  the  first  coat  at,  say,  $160  per  ten,  and  ita 
scrap  value  at  $10  per  ton,  the  value  for  X,  vith  a.  ten-year  old 
shovel,  nonld  be 

(«150-$10)i^ 

rj^^j =  48.67%  in  the  ten  years,  or  4%%  per  year. 

To  estimate  the  depredation  per  mit  of  output  it  ia  neceaeary 
to  distribute  this:  amount  over  the  workinj;  time.  The  method  of 
dning  this  is  indicated  under  typical  Standard  St«am  Shovel 
Work. 

lalerett.  The  intereat  on  all  the  money  invested  in  this  work 
TBUat  be  included  as  psrt  of  its  cost.  We  have  assumed  thU  at 
the  uniform  rate  of  6%. 

Uti'ght  of  Bank.  In  diflersnl!  dassaa  of  steam  shovel  work,  the 
bftiitht  of  tiie  face  to  which  ihe  shovel  can  work  haa  an  important 
bearing  upon  costs.  His  reason  for  this  is  that  the  higher  the 
ijsnk,  the  larger  the  amount  that  the  shovel  can  load  without 
moving  up. 

Standard  Rate*.  It  la  of  no  intereet  to  contractor  Joaea  ho>r 
much  <«ntrHctor  Sntith  paid  hie  men,  or  for  his  coal  a  year  or  two 
ago,  and  Smith  ntuallj  dislikes  to  have  these  exact  ratea  pub- 
liahed,  on  sccftnnt  of  possible  trouble  within  hia  offn  organization; 
but  it  is  of  importance'  to  be  able  to  compare  the  effieieneiee  of 
different  methods  in  different  ptacea.  ao  that  any  mntraetor  uain^ 
tliin  Tolnnie  may  be  able  to  estimate  the  value  of  any  special 
methods  herein  deearibml.  Such  comparison  is  valuable  tor  mak- 
ing estimateB  on  futnre  work,  and  it  it  greatly  facilitated  1^  giv- 
ing the  data  observed  in  terma  of  an  assumed  standard  rate  of  pay 
for  each  class  of  men  and  materials.  We  have  therefore  given 
our  cost  data  in  these  "  standard  "  flgurai. 

Formulas    and    Dta^ams.    Typtoal    Standard    Steam    ShoTel 
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Work.  Mathematical  A.italytit  and  Curvea  of  Catt.  The  follow- 
ing analjsia  of  steam  shovel  work  and  the  accoirpanying  curves 
of  coet  are  useful  in  enabling  a  rapid  estimate  to  be  made  of  the 
approximate  cost  of  steam  shovel  work  in  progress  or  proposed. 

d  =  Ums  in  minatM  to  load  1  oubic  (out  with  dipper  (placa  mninra). 

B  =  time  ■taorel  is  ialermpled  to  cbangfl  trains. 

'  =  diHlunn  of  one  mave  ot  ahoraL 
N  =  nnmber  of  shovel  moreB. 

e  lot  Mcidenlal  delays. 


a  of  aiovel  saction  excavatod  In  equare  fMt. 
t  per  cabic  yard  on  cara  in  eenta.  lot  shovel  ' 


'ork  only  (plue 


L  A  N  =  mibie  fett  excavated  p«r  day. 

O  =  abovtl  expsnae  in  cents,  one  day.  not  inrludinE  9Dperlnt«Dden<» 
and  overhesd  rbarRea  and  not  including  preparalorT  cbSTgei. 


W    -nnie  between  b«g:inninc  ol  one  ahc 

.vel  move  and  ta| 

(Ddc  +  nt  -f  e) 

LA 

n   ir                     " 

(— n)v-- 

">  -^-=?(7-^i) 

ion  K  =  iDd  +  b. 

270 
(11    Where  m  = ,  and 

\c      DC       LA/ 


We  haTB  assumed  for  the  typical  example  a  shovel  valued  at, 
Bay,  iXAfSOa,  and  the  following  dally  expense: 


B^aln,  when  working  ana  abift  . 
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Per  year  ot  IGC*  varking  difi,  or  fSSM  par  vorUag  daj  fZ3^ 


asm  bauling  coal,  water,  etc.,  faslf  da;.  UT,  at  15... 
taw  coal  «tt3.S0 


i) 


I5T.01 

It  appears  that  the  equation:  B  =  md  +  b,  is  that  of  a  xtraight 

27  C  /   f  e 

line.     Now  since  in  this  equation  m  ■=■  -tt-  and  b  =  m  I  —  -| 

all  quantities  involved  in  the  equation  excepting 
e  assumed  to  be,  constant.  The  data  upon  the  value 
of  these  quantiliee  furnished  by  tbe  accompanying  reports  have 
been  presented  in  graphic  form  with  all  influencing  factors  noted 
on  the  five  plates,  A,  B,  0,  D  and  E,  t)earing  the  heading  for  use 
vAth  cott  curvet.     See  pages  701-704  inclusive. 

Plate  A  indicates  the  time  to  load  one  cubic  yard,  place  measure, 
in  various  kinds  of  material.  Plate  B  deals  with  the  quantities 
e,  average  time  shovel  ia  interrupted  to  change  trains.  For 
use  in  plotting  the  equation  above,  those  average  values  of  e,  n, 
c  and  f,  involved  In  ordinary  contracting  worlc  where  side  dump 
cars  are  used,  have  been  tabulated  separately  on  plate  C.  It  will 
there  be  seen  that  the  average  value  for  e,  the  time  between  trains, 
is  4  minutes.  The  average  number  of  cars  per  train,  or  n,  =  10. 
The  commonest  form  of  contractors'  side  dump  ear  is  of  4  yards 
water  measure,  or  2.6  yards  place  measure  capacity,!  and  we 
therefore  talce  c  =  67.5  cubic  feet.  The  ordinary  value  of  f  is 
zero,  since  the  cara  are  almost  invariably  spotted  while  the  shovel 
is  Bwinging  and  dig^ng.  Plate  D  deals  with  the  valuett  of  M  or 
the  working  time,  including  actual  shovel  time,  waiting  for  traioH, 
and  moving  up,  but  not  accidental  delays.  PUt«  E  de^s  wifli  the 
time  of  moving  up,  an  average  value  for  which  ia  8  minutes. 

The  constants  having  been  thua  eatablished,  three  seta  of  curves 
have  been  plotted  on  the  plates  headed  cott  carves,  I,  II  and  III. 
one  tor  each  of  the  three  values  of  L  A  1,500,  3,000  and  6,000 
cubic  feet  (L  being  the  average  shovel  move,  6  ft.,  and  A  the  area 
of  the  dug  section  in  square  feet).  Each  of  these  seta  of  curvea 
has  been  plotted  for  values  of  M,  ranging  from  two  hours  to  ten 

•  For  variouB  reasons,  siich  at  weslhcr.  lack  of  continnoui  work,  Iranapor 
tatioQ  ot  plant,  etc.,  we  hava  aSBuoisd  the  aiersRe  warhins  faar  as  contpowHl 
of   150   working   days.    This,    of   courae.    will   lie  greatly   affected    by    IothI 

t  This  tai  «  general  average.    It  varies  a  good  daal  vjth  the  rharacter  of 
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hours  by  hourly  intervalB,  between  which  intervals  our  observed 
vbIum  (see  pUte  C)  fall. 

We  have  found  it  much  more  convenieat  to  make  use  of  our 
[lata  when  arranged  in  this  manner,  both  for  field  work  and  for 
the  purposes  of  the  estimator,  than  when  expressed  in  long  tabu 
lations.  Moreover,  when  cost  data  are  presented  in  the  detailed 
form  contained  in  this  volume  they  are  appliualile  to  a  far  wider 
range  of  new  conditions  than  when  simply  given  in  totals  as 
records  of  cost.  Attempts  have  been  made  to  discredit  cost  data 
on  the  ground  that  they  are  of  no  use  to  anyone  except  him  who 
did  the  work  or  made  the  original  observations,  or  on 
the  ground  that  to  a  reader  who  has  perliaps  never  seen  the 
job  at  all  there  will  be  so  many  unknown  conditions,  that  when 
applying  the  data  to  his  own  work  ha  cannot  be  sure  of  havii^ 
conditions  auSictently  similar  to  make  comparisons  ssfe.  More- 
over, skill  in  management  varies  greatly  with  different  organisa- 
tions, and  a  reader  may  not  have  the  same  ability  in  organizing 
or  handling  work  as  some  of  the  people  whose  performance  has 
been  herein  described.  This  is  very  "true,  and  if  the  reader  can 
do  as  well  08  any  one  of  several  of  the  managers  whom  we  met  in 
getting  up  these  data,  he  may  be  proud,  as  well  aa  wealthy;  but 
cost  data  on  any  work,  if  presented  in  Bulhcient  detail  and  with 
clearness,  will  be  useful  to  any  man,  good,  bad,  or  indifferent,' 
who  will  intelligently  study  them.  If  he  attempt  to  proceed  with 
improper  study  of  the  data  or  ot  the  work  that  he  is  trying  to  do 
himself,  he  will  fail  just  as  he  would  without  the  data,  which  in 
all  cases  must  be  taken  with  intelligent  discrimination. 

In  the  formula  for  steam  shovel  loading  cost  are  some  ten  quan- 
tities that  vary  on  difTerent  pieces  of  work.  Some  of  these  are 
dependNit  on  the  kind  of  material  and  equipment,  some  depend 
on  the  efficiency  of  the  management  alone,  and  some  few  are  af- 
fei^d  by  conditions  beyond  control  or  foresight,  surh  as  weather. 
The  first  two  can  be  "  standardised "  and  the  other  muet  be 
estimated  by  us  for  purposes  of  illustration  and  by  the  reader  for 
his  own  use.  Even  in  the  case  of  westher,  there  is  not  as  much 
uncertainty  as  would  at  Tirst  appear,  for  over  a  long  working 
nesson  the  number  of  days  suitable  for  operating  may  be  pretty 
well  estimated  in  most  climates  by  going  over  the  Weather  Bureau 
records  for  the  neighborhood. 

Because  the  meaning  and  general  bearing  of  a  mass  of  data 
can  be  grasped  by  looking  at  charts  much  more  readily  than  by 
any  other  method  known  to  ue,  we  have  used  them  In  this  volume. 
,  Bttmdard  liammplionv.  These  have  been  made  to  facilitate  the 
chart  wcwk,  and  because  frdm  our  experience  they  are  entirely 
justified   in   practice.     When,   for   example,   we  assume  thj^  the 
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time  to  move  a  shovel  ie  four  minutes,  though  some  men  take 
fifteen,  and  a  few  two  or  three,  we  are  JustiBfd  hj  a  vaet  niunber 
of  casea  in  which  the  moving  was  actually  done  in  four  minutes. 
The  HHsumptionB  for  "  A  "  depend  upon  the  field  conditions,  and 
the  reader  must  use  the  particular  plate  that  most  nearly  repre- 
seuta  the  section  area  of  his  joh,  or  else  must  make  up  his  own. 
Ugeg  of  Cost  Curves.  There  are  two  important  uses  to  which 
these  curves  of  coat  can  conveniently  be  put. 

1.  Estimating  the  cost  of  propoaed  work. 

2.  Checking  up  the  cost  of  work  under  way. 
In  estimating  we  may  proceed  aa  follows: 

Assuming  that  the  proposed  work  is  to  he  a  railroad  cut  in 
rock,  with  average  equipment,  there  are  then  only  three  quan- 
tities to  decide  upon,  namely,  L  A,  2Td  and  M.  The  area  of  the 
shovel  section  belns  assumed  at  250  square  fe«t  and  the  average 
distance  of  move  being  8  feet,  L  A  will  equal  IJiOO  cubic  feet. 
Now  refer  to  plate  A  and  select  a  fair  value  for  the  time  of  load- 
ing one  cubic  yard  in  rock  work.  Suppose  30  seconds  be  choeen. 
Ne\t  refer  to  plate  D  for  the  proper  value  of  M  to  uee  for  rock 
work.  The  average  value  is  8  hours  180%  of  10  hours).  The 
cost  per  yard  in  cents  can  now  be  read  directly  on  coat  curves, 
plate  1.  With  Bbscissa  (2Td)  as  30  seconds  glance  upward 
till  the  vertioal  line  through  30  seconds  intersects  the  S  hour,  M 
line.  Then  on  the  left  opposite  this  point  of  intereection  read 
9^  cents  aa  the  cost  per  cubie  yard  loaded,  place  measure. 

it  may  he  noted  here  that  with  respect  to  the  two  important 
items  of  time  to  load  1  cubic  yard  with  dipper  and  values  of  M, 
the  cost  curves  are  perfectly  flexible.  Variation  in  the  value  of 
the  constants  may  he  allowed  for  by  proper  choice  of  M.  In  con- 
nection with  the  formula  it  is  intereeting  to  note  the  effect  of 
decreasing  the  carrying  capacity  of  each  train,  other  conditions  re- 
maining the  anmc.  Suppose  the  carrying  capacity  to  be  decreased 
from  the  average,  10x2.5  yards  ^26  cubic  yards  to  Bx2  yards 
=  16  cubic  yarda,  place  measure,  what  would  be  the  effect  upon 
the  coat  per  cubic  yard  1  The  new  cost  per  cubic  yard,  place 
measure,  would  be  10.6  centn  agfainst  the  former  0.6  centa,  an 
increase  of  1.1  cent  per  yard,  or  10%. 

To  use  the  I'urves  for  checking  the  cost  of  work  in  progress 
proceed  as  follows:  The  field  operations  are  few  and  simple. 
Find  the  average  time  per  dipper  swing.  Knowing  the  rated 
capacity  of  the  dipper  and  the  character  of  the  material,  a  glance 
at  the  tabulation  near  the  top  of  plate  A  will  give  the  ratio  of 
dipper  capacity,  place  measure,  to  dipper  capacity,  water  mea- 
sure, and  by  using  thia  factor  the  average  capacity  of  dipper, 
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place  mesBure,  can  be  obtained,  and  thence  the  time  to  load  I 

cubic  foot  or  yard.     Suppose  for  inetance  the  average  time  per 

swing  to  be  25  eecouds,   material  earth,  and  capacity  of  dipper 

place  measure 

2\i  yards.    On  plate  A,  under  heading  "  Ratio  of    

place  meas 
we  find  for  earth  the  average  value  for   


FOR  USE  WITH  COST  CURVES       PLATI  "i 


c.  Google 
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per  minute,  or  .35  minute  per  cubic  yaid.     Make  some  rough  mea- 

BuremcDta  to  determine  the  apprcximate  area  of  the  shovel  eection 
FOB  USE  WITH  COST  CUnVES      PL*T6  "B" 


and  multiplj'  this  area  bj  the  length  of  more  up  and  get  L  A,  aaj 
^.000.  Then,  from  previous  observations  or  hy  an  estimate  of  M, 
get  the  time  worked  per  day,  less  a^vidental  delays,  soy  9  hours. 
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Now  take  cost  cuires,  page  20,  and  with  .21  as  abscUsa  re»d  op- 
po»it«  the  lioe  for  M^9  hours,  S  cents  as  the  coit  per  jaid.  place 
measure.  If  the  eonstants  in  the  formula  do  not  agree  '  cloBclj 
enough  with  actual  conditions,  allow  for  this  bj  chooBiog  a  suit- 

FOR  USE  WITH  COST  CURVES       PLATE  "  D" 


Fig.  305 

able  value  of  M.  or  mbstitute  direetly  in  the  equation  for  cost. 
Note  that  the  above  wiets  do  not  include  superintendence  or 
overhead  charges,  and  oovn  only  the  cost  of  loading.  Transpor- 
tation, dumping,  spreading  and  preparatory  costii  are  not  in- 
cluded. 
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Theae  plotted  cbarta  have  been  given  to  asBist  the  maji  who  is 
accustomed  to  chartB  to  use  the  observed  data  contained  in  ibis 
volume.  By  tbeir  use  it  is  much  easier  to  pick  out  the  coDditions 
that  fit  any  particular  piece  of  work,  or  a  particular  example  to 
fit  the  conditions  of  the  work  to  be  done,  and  thus  make  the 
data,  available  with  lets  time  than  would  be  necessary  if  all  the 
figures  were  given  in  tables. 

FOB  USE  WITH, COST  CURVES      PLATE  "E" 


NOTK-Shovd  tm  Report  No.  n 
45-  H>  Move  Up.    I 

Fig.  306 

It  should  be  particularly  noted  that  for  plotting  the  two  co- 
ordinates certain  assumptions  are  neceasary  because  there  are  ft 
large  number  of  variables  in  the  theoretical  ateam  shovel  formula. 
Thus,  we  have  made  three  plates  —  one  where  the  expreeaion  L  A 
is  1.600  cubic  feet,  erne  where  it  is  3,000,  and  one  where  it  is 
6,000.  We  have  tUso  made  an  assumption  of  $57.04  for  the  value 
of  C.  Where  the  shovel  differs  very  much  iu  type  frinn  the  one 
mentioned  or  where  the  rates  of  labor  are  very  different  from  those 


diagrams.     The  easiest  way  to  do  this  is  to  multiply  the  flgures 
taken  from  the  diagrams  by  the  ratio  between  the  new  value  of  C 


aiid  the  assumed  one.     Thus,  ir  the  shovel  cos^  per  day  turned  out 

to  be  $65  instead  of  $57.04,  and  the  diagram  should  give  a  coat 
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per  cubic  yard  for  loading  of  12  ceotn,  we  would  have  for  our 
charge  12  cents  multiplied  by  $65  and  divided  by  $57.04,  or  13.67 
cents  per  yard.  Ab  heretofore  indicated,  this  does  not  inelude 
the  cost  of  overhead  charges,  superintendence,  and  preparatory 
charges,  which  in  all  vasee  must  be  added  for  purposes  of  csti- 
mating.  It  will  be  well  worth  while  for  the  man  who  contem- 
plates doing  shovel  work  to  give  theee  diagrama  and  the  formulas 


moat  careful  atudy,  and  to  make  up  for  his  own  work,  substituting 
in  the  formula  the  constants  that  he  expects  to  obtain,  diagrams 
that  will  be  exactly  suited  to  his  particular  caee  . 

Pot  Use  with  Cost  CnrrcB.     Plate  "  C."     Values  of  e,  n,   c.  /, 
involved  in  ordinary  contracting  work  with  side  dump  cars. 

e  =  Average  time  shovel  is  interrupted  to  change  trains. 

n  =  Numljcr  of  cars  per  train. 

c  =  Capacity  of  cars  in  cubic  feet  (pla* 

/^Hme  to  spot  one  car. 

0*=  Capacity  of  cars  in  cubic  feet  (wat 


Vtila«a  of 


1-2 
W 

:  ) 

piiHsi's,' 

Sknd  and  (raid  pit  ... 

General  average  of  e,  n,  o,  f,  c',  bb  fallows 


WblBtle  SignalB  for  Steam  Shovel  Work.  A  list  of  the  various 
causes  of  dela^  should  be  kept  by  the  shovel  runner,  and  reported 
daily,  with  the  duration  of  each,  so  that  the  relative  importance  of 
the  different  causes  may  be  known,  and  a  standard  remedy  adopted. 
Whenever  such  a  remedy  is  needed,  the  shovel  runner  can  call  for 
it  by  a  whistle  signal.  The  fallowing  is  a  convenient  code  for 
these  signals,  a  long  toot  heing  indicated  by  a  dash,  a  short  one  by 

—  Pit  crew  get  ready  to  move  shovel. 
Get  ready  to  mud  cap. 

Get  ready  to  block  hole. 

We  need  coal. 

We  need  water. 

Waiting  for  cars   (useful  to  help  in  spotting  cars  when 
dinkey  man  cannot  see  hand  signals). 

Stop. 

All  ready  to  blast. 

Fire. 

Cars  off  the  track, 

—  Back  up. 

Shovel  has  broken  down. 

Superintendent's  call. 

A  code  of  these  signals  in  the  shovel  cab,  and  one  In  the  hands  of 
each  foreman,  will  be  sure  to  save  money  by  the  elimination  of 
the  preventable  delays. 

A  make  of  steam  shovels  is  priced  as  foUowst 


Price 

S4,40O                 207,000 

3m 

80  2«  to  3H  ST.TOO  IM.nno  27.1(» 

eS  2mo  3  liO.DOO  ISS.OOD  23,900 

The  revolving  shovels  may  be  had  in  two  general  sizes,  Urge 
and  small  shovels. 

One  make  oF  revolving  shovels  is  furnished  in  three  standard 
BiT.ea  of  the  large  class.  The  working  weight  of  the  smaller  one 
is  IM.a  tons.    It  is  equipped  with  a  60-ft.  boom,  a  3f4-ft.  dipper 
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handle,  and  operates  a  2^-jd.  dipper.  The  intermediate  size 
weighs  214  tone,  ie  equipped  with  a  73-ft.  boom,  a  48-ft.  dipper 
handle,  and  operates  a  3^  yd.  dipper.  The  largest  size  weighs 
3.11!  tons,  is  equipped  with  an  80-ft.  boom,  a  5S-ft.  dipper  handle, 
and  operates  a  fl-yd.  dipper. 

The  capacities  of  the  dippers  as  given  above  are  the  struck 
measure.  Heaped,  the  dippers  have  the  following  respective  ca- 
pacities: 2%,  i\^  and  71S  cu.  yd. 


Fig.  310 

The  machines  are  particularly  adapted  to  stripping  work  such 
as  gravel  deposits,  clay  pits,  etc.,  and  are  used  for  stripping  in 
coal  and  iron  mines.  These  machines  are  mounted  on  four  pro- 
pelling trucks  and  temporary  tracks  arc  laid  for  traction. 

The  prices  of  the  machines,  including  the  services  of  the  manu- 
facturer's superintendent  of  erection  and  two  men  to  operate  the 
machine  over  a  period  of  25  days  when  first  erected,  are  $51,750 
for  the  smaller  size,  $73,300  for  the  intermediate  size,  and 
$105,000  for  the  largest  size. 
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The  Bmall  revolving  ihovels  ma-y  be  mounted  on  tractor  wheels, 
railroad  trucks  or  catcrpillarB.  They  are  adapted  to  stock  pile 
work,  cellar  excavation,  roadway  excavation  and  many  other 
kinds  of  work.     These  machines  may  also  be  converted  for  work 


REPORT   NUMBERS 
Fig.  311 

with  a  grab  bucket,  or  as  a  crane.     They  may  be  had  with  extra 
long  boom  and  handle  for  work  requiring  high  lifts  and  reaches. 
One  manufacturer  supplies  this  type>oC  machine  in  three  stand- 
ard sizes.    The  small  machine  weighs  from  21.5  to  27  tons,  de- 
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pending  on  tlie  type  of  traction,  it  bae  an  18-ft.  boom,  an   Il-ft. 
dipper  handle  and  swinga  a  %-yd.  dipper. 

The  iittermediB.te  size  weighs  from  28.5  to  34  tons,  has  a.  20-ft. 
boom  and   14-ft.  handle  and  swings  a   l-;d.  bucket.     The  largest 


Fig.  312 

standard  Bize  weighe  from  43.2&  to  55  tona,  is  equipped  with  a 
25-ft.  boom,  a  Ifl-ft,  3-in.  dipper  handle  and  operates  a  l^^-yd. 
bucket. 

The  price  of  these  machines.  Including  supervision  hj  the  manu* 
facturer  when  first  erected,  is  as  follows: 

Weitht  Monnling  Priie 


TTBCtlon 

•ifllTOO 

13,000 

ie,io» 

IWtFon" 

20.900 

CaMrpiUH 

M.«0 
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The  weights  given  above  are  for  machines  set  up  with  counter- 
weights.  The  shipping  weights  are  somewhat  less  as  the  coun- 
terweight IB  not  included  in  tho  shipment. 

A  revolving  shovel  with  a  horizontal  crowding  engine,  which 
enables  it  to  excavate  shallow  cuts  economically,  has  independent 
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engines  for  hoisting,  swinging  and  crowdiDg,  and  a  vertical  boiler. 
They  cost  as  follows: 

OVp*                   Worldns  wt.                   Slu  dipper  Price 

No.                         in  tona                           ca.-jA.  I.  o.  b.  Ohio 

00                              14                                   hi  t  7,150 

0  U                                   K  8.650 
Al                               £6                                 1  lO.TGD 

1  32                          IK  i3.mt 
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-  Type  00  and  0  may  be  hod  with  gasoline  power  at  a  cost  of 
about  $200  additional. 

The  above  make  of  Bhovela  is  furnished  with  either  shipper 
shaft  or  horizontal  crowd  boom.  Types  0  and  Al  are  also  fur- 
nished with  a  conibina.tion  boom  for  use  with  either  design  of 
crowding  mechajiiam  interchangeably.  The  gasoline  ehovels  are 
furnished  with  horizontal  crowd  boom. 

The  shipper  abaft  boom  has  an  extended  working  radius,  is 
capable  of- dumping  at  great  height  and  can  excavate  at  a.  depth 
considerably  below  the  level  of  the  wheels. 

The  following  is  the  rated  capacity  of  the  shovels; 

T»p«  00   30  cu.  yd.  per  hr. 

Type  0   IE  da.  yd.  par  hr. 

Tirpt   Ai    M  on.  yd.  per  hr. 

T^pe    1    75  eu.  yd.  per  hr. 

This  machine  is  of  the  full  circle  swing  type.  The  dipper  ia 
suspended  by  an  adjustable  arm  hinged  to  a  carriage  or  trolley 
which  moves  horizontally  along  a  trackway.  When  power  is 
applied,  the  carriage  moves  forward  at  the  same  time  carrying 
the  dipper  arm  and  dipper  forward  horii^ontally  into  the  material 
to  be  dug,  thus  enabling  the  dipper  to  fill  completely  in  one  swing 
even  in  very  ahallow  cuts.  The  length  of  the  dipper  arm  is  ad- 
justed within  a  range  of  about  30  in.  by  a  clamp  before  digging 
commences  thus  securing  proper  digging  depth.  The  depth  to 
which  the  shovel  digs  is  therefore  determined  for  any  one  adjust- 
ment by  the  height  of  the  track  <hi  which  the  machine  travels. 
A  flwivel  clamp  on  the  dipper  arm  permits  the  dipper  to  swivel 
when  one  side  encounters  an  extra  hard  obstruction,  thereby  re- 
lieving the  dipper  and  boom  from  twisting  strains.  For  tearing 
up  niacadam  pavements  or.  tough  material,  a  prying  motion  may 
be  exerted  by  inserting  the  teeth  beneath  the  material  with  the 
trolley  in  its  forward  position,  and  then  reversing  the  crowding 
motion. 

Sewer  booms  with  long  dipper  handles  and  special  dippers  of 
small  size  are  fitted  to  shovels  for  trench  work.  Clam  shell  booms 
for  operation  of  theae  buckets  may  be  provided  and  furnished 
with  auxiliary  mechaniHrn  for  derricking  boom  and  handling 
second  rope  of  clam  shell  or  orange  peel  bucket.  Drag  scraper 
booms  can  be  furnished,  with  the  necessary  mechanism  for  han- 
dling the  bucketa.  Counter  weighting  ia  necessary.  Shovels  are 
commonly  operated  by  steam  but  may  be  equipped  with  electric 
or  compressed  air  power. 

The  labor  required  is  as  follows:  1  engineer,  I  fireman,  in  all 
except  very  limited  outputs,  1  to  2  latforers.  The  fuel  required  is 
from  600  to  1,000  lb.  of  good  bituminous  coal  per  day   for  type 
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0  and  from   1,000  to  1^00  lb.  for  type  A  1,  and  from   1^601)  to 

2,1)00  for  type  1.  Waste  oil,  and  repairs  range  from  60  et.  to  $2 
per  day. 

A  trai?tion  steajn  »hov«]  is  made  in  three  siiCB  as  followe: 

No.  3  flhovel  weiglis  about  10  tonu  and  eoatB  with  complete  outfit 
of  tools  and  fittings,  but  with  go  acoop  or  tbeir  attachments, 
$4,750.  A  skimmer  scoop  for  this  machine  is  31  in.  wide  and  baa 
a  capacity  of  ^^  cu.  yd.  The  price  including  all  attachDients  is 
$250.  A  dipper  scoop  is  30  in.  wide  and  has  a  capacity  of  % 
CH.  yd.,  it  coste  $160.     A  set  of  dipper  sticks  for  the  same  is  $90. 

No.  4  ahovel  neighs  about  12  tons  and  costs,  with  complete 
ontlit  of  tools  and  fittings,  but  no  scoop  or  attachments;  $5,750. 
Scoops  are  the  same  a«  for  the  No.  3  machine  except  the  dipper 
sticks  which  cost  $125. 

Clamshell  bucket  for  the  No.  3  and  4  machine  has  a  half  yd. 
capacity  aJid  coats  $650.  The  attachments  for  the  bucket  on  the 
No,  3  machine  including  extension  boom,  cables,  sheaves  and 
counterbalance,  cost  $150.  Attachments  for  the  No.  4  machine 
cost  $170. 

No.  a  shovel  weighs  about  IS  tons  and  eosts  with  complete  outfit 
of  tools  and  flttinRB,  but  without  scoops,  $6,500,  A  %-yd.  skim- 
mer Bcoop  for  tliis  machine  is  38  in.  wide  and  costs  $350  including 
attachmraits.  A  ?4-yd.  dipper  scoop  for  this  machine  is  86  in. 
wide  and  costs  $2.')0.  A  ^t  of  dipper  sticks  for  the  same  costs 
$110.  A  %-yd.  clam  shell  bucket  costs  $860.  Attachment  for 
this  bucket  costs  $£00. 

Ditcher  scoops  without  attachments  cost  as  follows: 

Width  or  body  Width  at  cut 


Ditcher  scoops  most  commonly  used  are  the  24  and  30-in.  width. 
Attachments  for  the  No.  3  machine  cost  $90,  for  the  No.  4  and  5 
marine,  $100.  Theee  attachments  consist  of  boom,  beam  exten- 
sion irons,  etc. 

The  application  of  the  scoops  is  as  follows:  As  a  steam  shovel 
using  the  dipper  scoop  it  will  take  down  and  load  into  wagons  a 
bank  about  12  ft.  high. 

The  application  of  the  seoofjs  is  as  follows:  Dipper  scoop  for 
regular  steam  shoveF  work;  Skimmer  scoop  for  grading;  Ditcher 
scoop  for  ditches  and  cellar  digging;  Claan  shell  for  deep  ditching 
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ajid    UD loading    or    loading   work.     Thie    machine    may    also    be 
odaptSi  for  drng  scraper  work,  particulitrlj'  backfilling. 

Another  make  of  eteam  shovel  that  can  be  equipped  with  a  boom  ' 
to  operate  a  elam  ehell  bucket  coets,  f.  o.  b.  Penueylvania,  as  fol-  | 

T^po  CapRcftr  Shipping  wt.  Price  | 

etSHo  shovel  %cu.  jd.  24,000  »7.2(» 

Crane  3  ton  24,000  T.aOO 

3US1IL  shDifl  U  cu.  yd.  40,000  E.EOO 

Onne  K  ton  40,000  K.200 

A  OaBoline  Shovel  with  multipedal  traction  has  the  following 

speciflcatioHB : 

AverHRe  working  epeed   ItoS  dipB  per  min. 

Rated  Mpacity  per  hr.,  deep  cute  26  to  35  eo.  yd. 

Approximate  ehipp in K  weight  3S.500  lb. 

Price,  [.  o.  b.  Chicago,  noT>afk»t  t9.500 

For  digging  trenches  in  ground  Where  it  would  not  be  safe 
to  support  the  shovel  on  the  banks,  however  well  sheeted  the 
trench  might  be,  an  arrangement  which  allows  the  shovel  to 
dig  backward  ia  sometiinea  used.  This  consists  of  an  extension 
boom  at  the  end  of  and  in  line  with  the  main  boom,  but  slanting; 
downwaJ'd  at  an  angle  of  about  45°  to  the  perpendicular.  On  the 
lower  end  of  this  are  piaead  the  crowding  engines,  reversed  from 
their  usual  position,  thus  pointing  the  dipper  mouth  towards  the 
shovel.  This  allows  the  shovel  to  remain  ahead  of  the  trench 
OD  solid  ground. 

Where  a  through  cut  is  being  made,  the  excavation  is  often 
too  narrow  to  permit  the  shovel  to  turn  around  and  excavate 
the  next  cut  in  an  opposite  direction,  but  necessitating  the  return 
of  the  machine  backward  to  the  starting  point  for  the  next  cut- 
Sometimes  this  return  is  3  or  4  miles  long  and  costs  considerable 
in  lost  time  as  well  as  money.  In  such  a  situation  the  shovel 
should  be  equipped  with  a  ball  socket,  which  allows  it  to  be 
jacked  up  and  revolved  on  the  forward  trucks  while  being  held 
in  equilibrium  by  the  weight  of  the  extended  bucket  and  dipper. 

Repairs.  These  depend  more  on  the  amount  and  kind  of  work 
done  than  on  the  age  of  the  shovel.  Repairs  are  higher  for  rock 
work  than  for  earth  work,  sJid  higher  for  poorly  br<ricen  rock 
than  for  rock  that  ha«  been  well  blasted.  Actual  total  charges 
for  repairs  to  steam  ahoveU  are  very  difficult  to  compute,  as 
minor  or  immediately  necessary  repairs  are  made  while  wait- 
ing for  trains  and  during  other  delays.  On  moat  jobs  repaint 
are  made  at  night  or  on  Sundays  by  the  regular  crew  without 
extra  compensation.    Material   for   repairs   to  a  65-ton    ahovel 
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working  in  a  clay  pit  for  6^  years  amounted  to  an  average  of 
$19S.OO  per  year.  The  masimum  amount  per  year  was  $375.00 
and  the  minimum  $48.00.  This  doee  not  include  the  labor  charge. 
Total  boiler  repaire  during  the  eame  period  cost  $200.00.  On  a 
95-toD  shovel  in  rock  excavation  the  boiler  was  washed  and 
large  repairs  made  once  ea«h  week  by  a  special  crew.  This  co«t 
about  $32.00  per  week.  Kepairs  on  a  70-ton  shovel  working  in 
iron  ore  were  mode  bj  the  regular  crew  and  cost  aiMUt  60  ct. 
a  day.  During  the  0  months  ending  June  30,  1010,  the  cost  of  re- 
pairs to  steam  shovels  on  the  Panama  Canal  work  averaged  $27.60 
per  day  per  shovel  fpr  0,527  days'  service. 

Col.  Goethals,  chief  engineer  of  the  Panama  Canal,  has  been 
kind  enough  to  furnish  me  with  the  following  information  as  to 
steam  shovels  on  that  work  up  to  and  including  the  fUcal  year 
1008.  There  were  then  in  service  101  shovels,  one  20-toD,  ten 
45-ton,  seven  60-ton,  thirty-live  70-ton,  sixteen  Bl-tim,  and  thirty- 
two  96'ton  shovels,  which  cost  a  total  of  $1,004,367.00. 

The  cost  of  repairs  was  aa  follows: 


PiM»!  Te«r  Endin 

1. 

■S-- 

Jii 

i 

i 

June  30.  1906    .... 

.  n 

I  20,337.89 

1,B0B,5*2 

f0.01SG 

June   SO.   1907   .-.. 

.    OS 

a»,2H.« 

8.215,771 

.(B3T 

JuM  90.   UOS   .... 

17,4S7.061 

.0H6 

Total    

.los 

tT09,60T.SS 

iS.m,3Bi 

10.0281 

1.  Wages  over  50%  higher  than  in  the  United  States. 

2.  Cost  of  privileges  granted  employes. 

3.  Unusually  difficult  exeavaticm. 

4.  High  cost  of  material. 

All  steun  shovels  were  given  such  field  repairs  as  were  neces- 
sary. 

Depre«imtioii.  The  regular  life  of  a  steam  shovel  is  about  20 
years,  the  cost  new  is  aliout  $200.00  per  ton  and  the  scrap  value 
atiout  $10.00  per  t<»i.  Depreciation  per  year,  by  the  straight  line 
formula,  would  therefore  be  4.75%. 

The  size  of  shovel  for  any.  given  work  should  depend  upcm  the 
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jardagc  in  each  cut,  not  upon  the  total  yardage  of  the  contract 
It  depends  also  upon  the  distance  and  th^  character  of  the 
ground  over  which  the  shovel  has  to  be  moved  and  the  number 
of  moves  to  be  made.  Use  a  2S-ton  ahovet  for  email  cuts  where 
moves  will  be  frequent,  a.  55  to  65-ton  where  cuta  are  heavy  and 
moves  not  frequent,  and  the  largest  available  one  where  tlie  cuta 
are  very  long  and  deep. 

The  coet  of  moving  a  shovel  varies  greatly  with  the  conditions. 
In  certain  railroad  excavation  it  took  4  weeks  with  a  full  crew 
to  move  a  05-ton  shovel  6  miles,  and  3  weeks  to  move  down 
acroMi  a  valley  from  the  finished  cut  to  a  new  cut,  a  distance 
of  'M  mile.  The  cost  of  moving  a  65-ton  shovel  1  mile  on  a, 
country  road  with  heavy  grades,  and  \^  mile  through  fields  with 
a  15°  elope,  was  $316.  It  took  8  days,  involving  the  services  of 
1  shovel  crew,  1  team,  )  foreman,  and  6  men,  A  35-ton  trac- 
tion shovel  has  been  moved  IS  miles  in  18  days  by  its  crew, 
whose  wages  amounted  to  $35  per  day,  17  m'les  beii^  over  rough 
roads  and  1  mile  being  across  fields  and  up  hill. 

Cost  of  Kovlng  a  Steam  Shovel.  The  following  is  from  Con- 
tracling,  August.  1916. 

Moving  a  steam  shovel  from  one  job  to  another  involves  a  great 
deal  more  expense  than  many  people  would  expect  and  is  likely  to 
make  an  imi>ortant  addition  to  the  overhead  charges  of  this  kind 
of  plant,  especially  when  used  on  small  jobs,  A  60-ton  Marion 
steam  shovel  was  recently  shipped  32  miles  by  rail  and  motor 
truck  and  reinstalled  at  a  total  cost  of  $I,1H6,  while  another 
move  of  22  miles  by  railroad  and  17  miles  under  its  own  power 
coet  93,974.  Although  the  first  operation  involved  an  expense  of 
nearly  $400  for  completely  dismantling  and  reaxsembling  the 
shovel,  it  saved  a  considerable  pcrrentage  of  the  transportation 
charges  at  the  expense  possibly  of  some  delay,  since  the  shovel  was 
out  of  service  for  61  days  as  compared  with  49  days  for  the  rail- 
road transfer.  It  is  possible  that  a  system  of  au.xjliary  wheels 
to  distribute  the  load  over  a  larger  area  of  roads  and  bridges  in 
transit,  if  it  could  be  satisfactorily  applied,  together  with  & 
higher-geared  propelling  mechanism,  would  save  considerable  time 
and  expeaise  and  the  dismantling  be  avoided. 

PowEB  Cossciipno.y  of  Electbig  Shovel 

An  electric  shovel  with  a  2yj-cubic-yard  dipper  was  used  in 
excavating  gravel  for  the  Carson  River  dam  at  Lahontan,  Nev. 
The  line  voltage  was  2,300,  which  was  stepped  down  to  440  by 
three  00  E.  V.  A.  single-phase  transformers  located  on  the  shovel. 
These  transformers  were  connected  to  the  distributing  system  by 
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700  it.  of  triple -covered  flexible  cable  armored  with  D-ahaped 
Bteel  tape,  which  was  dragged  along  tbe  ground  ae  the  shovel 
moved.  This  cable  wae  dragged  over  rocks  and  through  mud  and 
.  water,  but  required  very  little  protection.  The  hoisting  m&chinery 
woe  driven  by  a  115-hp.,  440-volt,  three  phase,  00-cjcle,  rariable- 
speed  induction  motor.  The  propelling  mai^hinerf  was  also  driven 
by  this  motor,  Tbe  swinging  machinery  was  geared  to  a  60-hp, 
motor,  and  the  thrust  motor  was  a\go  5()-bp.  The  cotnprea^or 
which  furniflhed  air  to  the  hoisting  drum  brake,  the  emergency 
brake  on  the  «wing  motor,  and  the  friction  clutch  and  brake  on 
the  intermediate  shaft  were  driven  by  a  2-bp.  constant  speed  id- 
duct  ion  motor. 

A  test  made  on  October  14,  1912,  when  the  shovel  waa  working 
In  a  gravel  bank  10  to  12  ft.  high,  with  a  clear  lift  of  dipper 
of  16  ft,  loading  6-car  trains,  gave  the  following  results; 

Total  time  observed,  45.5  minutes. 

Digging  and  loading  occupied  57%  of  the  time.  Delays,  mov- 
ing up,  etc.,  occupied  43%  of  the  time.  Bate  of  digging  oo 
observed  basis,  1,600  cubic  yards  of  loose  gravel  In  8  hours.  Total 
power  consumed  by  shovel  in  8  hours,  453  kw.  hours  —  0.302  kw. 
hours  per  cubic  yard  of  loose  gravel. 

BailToad  Qradlng  with  an  Electric  Shorel.*  The  following  is 
from  the  Excavating  Engineer,  Jan.,  IBI.^. 

The  Wilkea-Barre  Railway  Co.  have  been  operating  a  Bucyrus 
14'B,  revolving,  railway  truck  mounted,  ^-yd.  dipper  shovel.  This 
machine  was  operated  by  electric  current  at  675  volts  D  C,  and 
has  variable  speed  motors  of  tbe  following  size:  Hoist  motor,  30 
hp.;  swing  and  thrust  motors  each  15  hp.  The  working  weight 
of  the  shovel  ia  10  tons. 

A  S500-CU.  yd.  siide  was  handled  between  April  19  and  May 
8,  1914.  The  material  was  hardpan,  loosened  by  frost,  and  con- 
taining gravel  and  nnall  boulders  up  to  2  or  3  cu.  ft.  in  volume. 
This  material  was  wet  and  weighed  12S  lb.  per  cu.  ft.  The  shovel 
loaded  into  10-yd.  steel  Western  side  air-dump  cars;  two  cars  and 
two  motors  were  used.  One  motor  conveyed  the  loaded  ear  to  a 
switch  800  ft.  distant  and  returned  with  the  empty  car;  the 
other  motors  hauled  the  cars  between  the  switch  and  the  dump,  an 
average  distance  of  a  mile.  Much  delay  was  caused  by  the  distance 
between  the  shovel  and  switch  and  the  resulting  enforced  idleness 
of  the  machine  while  waiting  for  cars.  On  a  typical  day  the 
shovel  was  in  operation  225  minutss  out  of  600  working  minutes. 

•Electric  ehovel  operotion  on  an  electric  railway;  the  WillieB'Barre  Rail- 
way  Company  have  Wn  operatine  an  slectric  revolving  sho> 
for  the  past  year  with  splendid  rMUlt       ~  ■       * 

«ibC  Bgarea.    The  Ezcavalins  Enginet. 
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The  material  was  dumped  along  the  side  alopee  of  existing  tilla 
and  probably  not  more  than  20%  waa  spread  by  hand,  yet  the 
cost  of  spreading  amounted  to  nearly  50%  of  the  labor  eost.  It  is 
worth  noting  that  a  thin  layer  of  ashes  spread  on  the  steel  bottom 
of  the  cars  before  loading  greatly  fa«iliti,ted  th«  dumping  of  thia 
sticky  material. 

Cost  of  Reiiovino  35(H)-Cu.  Yix  Sliiw 

Labor  eu,  yd. 


ToUl  Ubor  9.2 

Includine  BUptnision.  Bbont  lO.O 

Poirer 

l«a  kw.-hi.  per  diy  (ntinuled)  St  1^  el.  equsla  12.40  per  day  0.7G 

Molorcar,  175  liw.-hr.  per  day O.SO 

Total  powsr  I.B6 


No  allowance  for  interest  or  depreciation. 

A  side  cut,  800  ft.  long,  and  from  I  to  6  ft,  averaging  3.5  ft. 
de«p,  on  the  center  line,  containing  2,430  cu.  yd.,  was  graded  in  12 
working  days.  One  motor  car  and  one  10-yd  dump  car  were 
ubed  for  hauling  the  material  over  a  very  steep  and  poorly  aligned 
track  to  the  fill.  Much  delay  was  caused  by  the  lack  of  power 
to  drive  the  motor.  The  material  was  generally  loam  but  about 
2.'}%  waa  shale  varying  from  easy  to  hard  digging.  The  fill  w^s 
flOO  ft.  long  and  2  to  8  (average  5)  ft.  deep.  200  ft.  ot  crib  trestle 
were  erected  on  the  deeper  portion  of  the  fill.  The  cost  is  given 
as  follows: 

COST  OP  Oradino  a  2450-Cu.  Yd.  Sims  Cnx 

Total 
Labor  coat       p 

Grading  for  temporary  track  I  50,00 

Morina  shoTel  inlcrnOfiUion  13.21 

ExraystiiE  and  londiDg  material  - -.. lOT.Tt 

HnolfnB  "nd  diimniDK  W.T* 

Buildlnn  f.rib  WssIIb  !B.OO 

Spreadlni  and  JnrkinK  trark  134.91 

Wsli-hmnii  (Iwo-thirda  time)   13M 

Blaeksmith    6.90 

Throwlni:  track  to  pcnuanenC  i>oait<on  30.no 

^       Total     I«b!m 

SupcTTiaion    W.W! 

Tatal    »*BS.Ba 
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Shoiel,  12WHiT.-hr.  at  l.B  ct }  18.90       |n.0OS8 

HsnliEg,  180  liw.-hr.  at  1.5  ct 7.a)         0.00» 

Total     (509.68       W.2086 

Comparatire  Operating  Costa  of  Steam  and  Electric  Staoveli. 

The  following  is  taken  from  a.  paper  by  H.  W.  Rogers  in  the  Feb., 
1014,  Batletin  of  the  American  limtitute  of  Mining  Engineers, 

Considpr  a  120-ton  shovel  which  ia  ordinarily  equipped  with  a 
S-FU.'yd.  dipper  and  han  an  average  capacity  of  approximately 
2,500  cu.  yd.  per  10-hour  day.  This  capacity  is  based  on  an  aver- 
age working  time  of  55%  and  an  average  dipper  capacity  of 
3%  cii.  yd.  in  75%.  With  a  good  grade  of  coal  the  steam  ahovel 
will  require  approximately  3H  tonn  per  3-hour  ehift  and  will  make 
an  average  of  two  complete  cycles  per  minute.  'For  the  purpose  of 
comparison,  houever,  the  maximum  capacity  of  the  shovel  is 
taken,  i  e,  three  cveleA  per  minut«.  Under  these  conditions 
either  the  steiini  or  the  electric  shovel  will  have  a  total  working 
time  during  one  shift  of  8  X  60  X  0.55  =  264  min.  during  which 
time  it  uill  make  264  X  3  =  712  complete  cycles,  and  will  han- 
dle 702  X  ?%  =  2,fl70  cu    yd   of  material. 

The  direct-current  shovel  would  be  equipped  with  two  SO-hp. 
500-r.pm.,  230-volt  series  motors  on  the  hoist,  one  40-hp.,  550 
r.p.m.,  230-volt  series  motor  on  the  swing,  one  6D-hp.,  550  rp.m.. 
230-voIt  series  motor  on  the  thrust,  and  one  150-kw.,  SOO  r.p.m., 
250-volt  direct-current  generator  direct  connected  to  a  225-hp., 
900  r,p,m.,  2,200-volt  induction  motor,  with  four-point  reversible 
automatic  control  on  each  motor. 

The  estimated  power  consumption  during  each  cycle  will  be  as 
follows : 

Hoisting   1,JT» 


TotBl   2,M8  =  0.eSkw.-hT.  I 

Now  702  X  (f.08^53!l  kw -hr.  input  to  the  motors  per  8-hour 
shift,  or,  taking  into  account  the  efficiency  of  the  motor-generalor  I 
set,  657  kw.-hr-  per  8-hour  shift. 

As  the  shove]  is  working  only  55%  of  the  time,  the  motor- 
generator  set  will  be  running  light  45%  of  the  time,  or  8  X  60  X 
0.45  =  216  minutes.  ' 

The  power  consumption  on  the  set  when  running  I'ght  will  be  . 
210  X  16.77 
approKimately  16.77  kw. jit =60.4  kw.-hr.  losB  per  8-hr. 

shift.  ,-.  , 

[,jn:tci;.CjO<)gl(J  J 


657  +  0a4  =  71T.4   kw.-hr.   total   power   coneumption 
shift  when  working  under  the  maximum  cycle. 


2,!)70 

The  alternating-current  shovel  would  be  equipped  trith  two 
150-hp.,  450  r.p.jD.,  440-voIt  motors  on  the  hoist,  Mie  50-hp.,  720 
r.p.m.,  440volt  motor  on  the  swing,  one  T5-hp.,  600  r.p.m.,  440- 
volt  motor  on  the  thrust,  and  three  125  kilovolt -ampere.  2,220-480- 
volt  transformera,  with  five-point  reversible  automatic  control  on 
each  motor. 

The  estimsted  power  consumption  during  each  cycle  will  be  as 
follows : 

Hoisting   2,040 

8wiQeiii«    TBS 

TaM    3,5«  — 0.987  kw.-hr. 

Now  702  X  0.987  =  782  kw.-hr.  input  to  the  motors  per  8-hour 
shift  or,  taking  into  account  the  efficiency  of  the  transformers,  796 
kw.-hr.  per  8-hovir  shift. 

The  no-load  Iobscb  on  the  transformers  will  be  approximately 
216  X  3.6 
-7-| =13.0  kw.-hr.  loss  per  8-hour  shift.     796  +  13  =  808.0 

800 
kw.-hr.   total   per   8-hour   shift     ■      —  ^  0.273   kw.-hr.   per   cubic 

yard  excavated. 

IiBbor  per  shift—                                                      Steam  Elaelric 

Bhovel  rnnner   t  0.00  t  6,01) 

Craneman    1.00  1.00 

UrBman    2,60 

Sii  pitmen  at  11,76 1050  10,DO 

One  watclunan  - - , ,  - 1.75  . , , , 

OtM  oABl  paster  l.SO  . . , . 

Teaming  .(!*  day)   2,60 

Oil  and  waste  1,60  0,76 

Total  tM.25       121.35 

SaTing,  electric  over  (team  21,25 

Per  shift   »  »-0» 

For  convenience  in  comparing  the  costs  of  operation  on  steam 
and  electric  shovels  the  costs  are  all  reduced  to  a  day  basis. 
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Equivalent 
Direct  alternstiiiK 

InlerMt  al  6%  t  ROT  17,75  nO.85 

DepreciaMon  at  1%%   4.03  S.OO  8.43 

Repairs  at  10%  8^ 

Repairaate%  l.n  10.86 

LaW,  per  Bhitt  30.25  £1.25  21.25 

Total  CMl  per  thltt  t4S.l4      142,75      tBl.38 

It  has  been  asBumod  that,  owing  to  weather  conditions,  delays, 
etc.,  the  shovel  working  year  consists  of  150  days  and  the  above 
ngiires  are  ba«cd  on  this  assumption;  also  that  the  ehovet  is  only 
working  one  shift  a  day. 

If  the  shovel  works  three  shifts  a,  day  instead  of  one  sliift  a  day, 
the  interest  and  depreciation  will  remain  the  same,  provided  the 
shovel  is, kept  in  repair.  It  is  reasonable  to  assume  that  the  re- 
pairs will  increase  when  working  three  shifts,  but  not  in  direct 
proportion;  therefore  this  item  has  been  increased  50%. 

Direct  alternating 

Int«reit  at  S%   I    5.!0  »  7.75  «0.85 

Depiecistion  at  4%%   4,03  6.00  8.43 

Repairs  at  1K%  13.(0 

Repairs  at  »%  ll.SS  16.28 

Lalior  (three  aM(W)  90.7S  63.75  C3.75 

Total  cost  (3  shifts)   I112.SB       189.13       JW.31 

Disregarding  the  cost  of  coal  and  electric  power,  the  saving  of 
the  direct  current  shovel  over  the  steam  shovel  would  be  $310  per 
year  for  one  shift  operation  and  $3,680  per  year  for  three  shifts. 

The  alternating  current  shovel  when  working  one  shift  a  day 
would  show  a  loss  of  $4SS  per  year.  On  the  other  hand,  if  this 
shovel  worked  Uirce  shifts  per  day  it  would  show  a  saving  of 
$2,050.50  per  year.  Any  greater  saving  than  that  shown,  would 
depend  upon  the  comparative  cost  of  coal  ajid  electric  power,  but 
as  this  is  a  variable  it  could  only  be  shown  by  mmns  of  a  curve. 

Uethod  of  Erecting  a  Standard  Shorel.  The  following  in- 
genious suggestion  by  Mr.  Q.  W.  Williams  appeared  in  the  Ex- 
cavating Engineer, 

It  is  sometimes  quite  a  task  to  erect  a,  standard  railroad  type 
shovel  when  labor  is  scarce,  as  there  are  a  number  of  heavy 
pieces  to  be  handled.  To  facilitate  this  work,  a  very  handy 
and  efficient  jib  crane  can  be  constructed,  as  shown  in  the  accom- 
panying sketch,  by  attaching  a  piece  of  8-ln.  x  8-in.  s  10-tt. 
timber  to  the  A-frame  collar,  which  will  act  as  a  center  pintle,  so 


8H0VEL6 
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that  the  timber  can  be  swung  around  in  an;  position.  Attacli 
diain  falls  or  block  and  tackle  at  any  ccmvenient  point  on  the 
tLDiber  jib  and  beavj  parts  such  as  jack  arms,  sheaves,  chains, 
.,  can  be  handled  with  ease.  Parts  can  be  lifted  from  the  idler 
car  and  placed  in  position  alongside  tlie  sliovel  and  jack  arms 
in  place  on  the  shovel  without  an;  trouble. 


To  get  the  timber  vip.on  the  roof  of  the  shovel  and  attach  it  to 
the  A-frame  collar  is  a  comparatively  simple  matter.  Fasten  two 
ropee  to  the  running  board  on  the  roof.  Drop  the  bight  of  both 
lines  to  the  ground  and  place  the  timber  in  them.  Two  men 
on  the  roof  can  easily  roll  it  up.  Swing  the  A  Fra-me  collar 
parallel  to  the  shovel  and  place  one  end  of  the  timber  on  it, 
supporting  the  other  end  on  the  roof  of  the  shovel  by  blocking  of 
the  proper  height.  Bolt  the  timber  securely  to  the  collar  and 
you  will  have  a  very  simple  and  practical  crane.  A  piece  of 
T-rail  can  be  used  if  a  timber  is  not  available. 

Dbbbick  Escavatobs 


oval  ""^'^  length  < 
|h   "ofboonofmMt, 


eyliiider 
ont^  drum 


1875      SD-CO     3S-«5 
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I  have  found  this  to  be  a.  great  labor  and  time  saver  and 
eaBily  ri^ed  up. 

A  recent  addition  to  the  large  number  of  «xcaTa.tora  ia  the 
Union  Derrick  Excavator, 

The  properties  of  t^is  machine  fumiehed  by  the  manuftu-turer 
are   as    follows: 

Carriages  can  be  made  for  any  size  of  booms,  other  than  spec- 
ified above. 

The  length  of  dipper  stick  is  governed  by  the  depth  of  digging; 
if  digging  ie  to  be  done  at  a  considerable  depth  below  base  of 
derrick,  the  dipper  stick  must  be  lengthened  accordingly. 

The  changing  of  the  carriage,  for  example,  from  a  12x12  to  a 
12x14  boom,  or  vice  versa,  is  accomplished  by  simply  shifting 
two  angles  held  by  a  number  ot  holts. 

The  price  of  the  above,  f.  o,  b.  New  York,  including  carriage 
wiUi  all  attachments  reedy  to  be  fitted  to  the  boom  of  a  derrick, 
manganese  steel  teeth,  and  gripping  cabl^  bat  not  including 
wooden  dipper  arm,  are  as  follows: 

W  cu.  yd.  e»psiitr  |   (CO 

JS  eu.  jd.  cspacitj SCO 

«  eo.  yd.  espacity  HO 

14  eo.  yd.  capacity  1,OGO 

1      en.  yU.  capaeity 1,160 


«i;.CcX)^lu 


stone  Skipa  eimilap  to  Fig.  316  are  built  of  heavy  st«el  platea 
and  reinforcing  bars.     The  %-yd.   alze  is  designed   for   handling 


Fig.  315.     Stone  Skip. 

excavation,  brick  and  mortar  on   lj;;hter  foundation   work.     Tt 
other  BizeB  are  proper  for  heavy  work  on  bridges,  dams,  etc. 


1  2  5  by  6  by  1  <S7  1»5 
Hi                 3                     5  by  B  by  114                    806  170 

2  4  6  by  e  by  lli  1082  2»& 

CaUeway  SIdpR  constructed  of  heavy  steel  plates  with  rein- 
forcing and  hanger  bars,  used  in  the  construction  of  dame,  reser- 
voirs and  otiier  large  work,  coat  as  follows: 


SECTION  91 
SIEDOES  AND  HAICHEBS  .     | 

Sledges.  Blacksmith's  cross  pein  5  to  24  lb.,  double  face  5  to 
24  lb.,  striking  and  drilling  hammers  3  to  -H  lb.,  stone  sledges 
10  to  24  lb.,  coet  approximately  30  cents  per  lb.  for  5  lb.  and 
over,  and  40  cents  per  lb.  for  under  5  lb.  Ha.ndlee  cost  abcut 
$2,50  per  doz. 

Hammers.  Bricklayer's  hammers,  without  handle,  ciwt  u 
follows :  I 

Weight  Pri<»  per  doi.     .  I 

lb.  oi.  Plain  oyt  Aim  eye 


Nail  hammers  cost  as  follows: 

Weight 

!b.  <a.  Per  doi, 

1—12  ti2.m 

1—4  9,00 

1—  S,50 

—13  8.00 

—7  7.B0 

Biveting  hammers    (plain  eye)    cost  as  follows: 

Weight 

lb.  CB,  Par  doz. 

— <  »6.B» 

—7  5,70 


6.^ 
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Sprinkling  Cars   and  Wagons,  Oil   Distributors  and 
Tank    Wagons. 


Soad  Oiling  Kachloety,  A  presBure  road  oiler  of  600  gal. 
capacity,  the  stftudard  equipment  of  which  applies  up  to  one- 
third  gallon  per  square  yard  in  an  eight  foot  width,  is  operated 
by  one  man.  It  will  handle  all  grades  of  ails  or  tars  for  dust 
laying  or  road  rehuilding  operations,  and  is  furniiihed  either 
with  or  without  a  heating  attachment.  The  approximate  weight 
of  this  machine  is  4,090  lb.,  and  it  costs  $l,OflO  f.  o.  t>.  Chicago.  A 
heating  attachment  for  it  consists  of  a  jacket  around  the  tank 
proper,  ihe  heat  being  supplied  by  a  gasoline  or  kerosene  burner. 
The  approximate  weight  of  the  machine  with  the  heating  attach- 
ment is  4,700  1h.,  and  tJie  price  is  $1,100. 

A  pressure  distributor  for  applying  light  oIU  and  tar  products 
under  preesure  consiHts  of  a  steel  tank,  equipped  with  heating  and 
distributing  devices,  mounted  on  a  platform  spring  gear  truck. 
The  capacity  of  the  tank  is  600  gal.  The  heating  device  consists 
of  a  Are  box  designed  to  burn  wood  or  oil.  The  amount  of 
material  applied  can  be  regulated  from  one-tenth  to  four-tenths 
of  a  gal.  per  sq.  yd.,  and  can  be  applied  at  a  pressure  of  from 
5  to  25  lb.  per  sq.  in.  The  machine  weighs  3,400  lb.  empty,  com- 
plete, and  costs  |l,000  f.  o.  b.  factory. 

A  heating  distributor  similar  to  the  above,  except  that  the 
pump  is  larger  and  that  it  is  fitted  with  a  kerosene  burner,  for 
heating  the  oil,  weighs  empty,  complete,  4*,400  lb.,  and  costs 
$1,260  f.  o.  b.  factory. 

T27  Coiv;k' 
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A  distributor  for  applying  hea\f  bitumiDous  binders  under 
pressure  consisting  of  an  air  tight  asphalt  drum  equipped  witli 
two  Bets  of  distributing  \ahes  and  nozzles  an  air  reaer\oir  and 
air  compressor  all  mounted  on  a  hea^v   frame    «liicli   m  turn   iri 


supported  on  four'  broad  rolls,  has  a  capacity  of  2<]0  gal. 
ordinarily  drawn  by  a  road  roller.  This  machine  weighs 
plete,  empty,  4,100  lb.,  and  coa'ts  $1,000  i.  o.  b.  factory. 


c.  Google 


STONE  BOATS 

Mr.  H.  P.  Gillette  says:  "A  peam  of  horsea  citn  exert  a  pull 
of  1,000  lb.  for  a  short  time  if  they  have  a  good  earth  foot- 
hold. The  sliding  friction  of  iron  or  wood  on  earth  is  about 
50%  of  the  weight  of  the  load  that  ia  being  dragged,  hence  a 
team  is  capable  of  dragging  a  stona  boat  and  loa4  together 
weighing  2,000  lbs."  If  a  "skid  road"  of  partly  buried  timber 
is  built  and  kept  well  greased  a  stono  boat  can  be  hauled  with 
extreme  ease.  A  weight  heavier  than  a  wagon  load  can  be 
pulled.  Stone  boats  3'  wide,  7'  long  with  three  4"  x  4"  timber 
runners  curbed  up  in  front  and  shod  with  iron,  and  a  2"  plank 
floor  have  been  made  on  jobs  in  the  vicinity  of  New  York  from 
1007  to  1910  costing  $15  to  $20.  They  last  about  one  season 
under  hard  work  with  one  reshoeing  which  coats  50%  of  the 
original  coet. 
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There  are  tour  methods  of  grubbing;  By  hand,  by  burning, 
by  blasting,  and  with  a  stump  pulling  machine.  An  axe,  a 
mattock,  a  round  pointed  shovel,  and  a  long  heavy  pole  for  use 
as  a  lever  are  the  tools  required  in  the  first  method.  It  trenches 
are  dug  around  the  stumps  lb  the  fall  of  the  year,  the  frost  will 
aid  materially  in  heaving  the  stumps. 

On  land  that  has  lieen  cut  over  previously,  leaving  the  stumps 
wholly  or  partially  dead,  burning  is  sometimes  economical. 
Where  the  stumps  arc  green,  they  must  be  removed  from  the 
ground  and  dried  before  they  will  burn. 

By  far  the  best  method  of  grubbing  is  by  blasting,  if  properly 
done,  A  ship  auger  I  or  lyj  inches  in  diameter,  costing  $1  to 
$1.25  should  be  used  to  liorc  a  hole  near  the  base  of  the  stump. 

For   smalt  stumps   dynamite  should   be  used   exclusively.     The 
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hole  in  large  Btumps  should  first  be  sprung  with  a  amall  charge 
of  dynamite,  and  then  blown  with  Judson  or  black  powder. 

Mrs.  Edith  Loring  Fullerton  in  "  The  Lure  of  the  Land  "  gives 
the  following  account  of  means  used  in  griibbing  and  clearing 
the  land  of  the  Long  Island  Experimental  Farm.  "  Small  stumps 
up  to  four  feet  require  about  ^  lb.,  while  large  oneB,  say,  six 
to  eight  feet  in  diameter,  require  3  lb.  of  the  explosive  which  is 
placed    in    several    separate   holes    surrounding   the    stump.  .  .  . 

"Fourteen  fuse  charges  are  placed  under  aa'many  stumps;  the 
method  of  placing,  by  the  way,  is  to  lower  the  charge  into  the 
oblique  bole,  press  it  steadily,  and  firmly  with  a  blunt  ended 
stick  until  expanded  to  the  full  size  of  the  crowbar  hole,  then 
All  up  the  hole  with  earth  and  tramp  it  firmly,  that  no  explosive 
gases  majr  find  a  loophole  of  escape.  .  .  . 

"  Dynamiter  Kistiam,  with  '  Dell '  Hawkins'  assistance,  blew 
regularly  from  75  to  110  stumps  a  day.  The  djnamite  splits 
them  so  completely  that  they  can  be  burned  at  once.  The 
stumps  taken  out  by  hand  required  cleaning,  splitting  and  dry- 
ing before  they  could  be  burned;  an  added  expense.  Below  are 
the  comparative  figures  on  100  stumps  (about  1910); 

DVNAjnXB. 

AversgB  «0  lb.  dynainile  at  IB  ot.  per  lb f  9,00 

Labor  of  eipprt  and  helper  G.EO 


Total    IM.OO 

Hand  Labor. 

100  averoce  atumpg  require  3  men  33  da^s  il  tl.33  per  daf.  tl31.S7 

"  Stump  pullers  were  out  of  the  question,  there  was  no  stand- 
ing timber  for  the  block  and  fall  to  be  fastened  to,  the  time 
necessary  to  hitch  to  stumps  buried  just  under  the  surface, 
frequently  with  rotted  heart,  together  with  the  cost  of  the  puller, 
hire  of  horses  and  men,  made  it  way  beyond  the  power  of  com- 
peting with  dynamite." 

For  further  data  on  this  subject,  the  reader  is  referred  to  the 
excellent  little  book:  "  Cleftriujc  ftand  Grubbing,"  by  H.  F. 
Gillette. 

Cost  of  Clearing  Cut  Over  Land  with  Power.  The  following 
is  from  Engineering  and  Contracting,  Dec.   1D,1017. 

The  site  selected  for  the  operations  was  on  level  bottom  land 
in  the  valley  of  the  Palouse  River,  Idaho.  The  soil  is  clossiGed 
by  the  U.  S.  Bureau  of  Soils  as  "  potlatch  silty  clay  loam  with 
a  tendenty  to  be  clayey."     The  soil  was  underlaid  with  a  hard- 
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p&n  formatiim  at  an  average  depth  of  about  3Vi  ft.  It  had 
been  covered  formerly  with  a  dense  stand  of  western  yellow 
pine,  Douglas  fir  and  western  larch,  in  approximately  equal  pro- 
portiMiB  B«  shown  In  the  following  table: 

Pbbcentaoe  of  Tiubcr. 


Some  of  the  pine  had  been  cut  8  yeftra.  Moat  of  the  tamarack 
and  flr  had  been  li^ged  more  recently-,  some  Mily  2  years  before. 
All  except  the  smaller  stumps  were  sound. 

Two  working  plots  each  of  5  acres  were  carefully  selected 
with  the  view  of  securing  representative  cost  figures.  Each  plot 
was  handled  in  exactly  the  same  manner  as  regards  preliminary 
work,  the  making  of  holes,  piling  and  burning  logs,  brush  and 
stumps,  and  leveling  the  ground  after  all  clearing  work  had  been 
done.  The  explosive  used  in  Plot  No.  1  was  a  20%  stumping 
powder;  on  Plot  No.  2  a  potassium  chlorate  powder  equivalent 
to  60%  dynamite  was  employed. 

The  Dumber  and  per  cent,  of  soimd  stumps  in  each  plot  were 
as  follows: 

Number  asp  Pek  Cent,  or  SoijItd  Stcmps. 


A  crew  of  from  4  ta  6  men  was  used  for  the  work  of  swamping 
and  sawing,  while  two  men  with  teams  worked  t^i  best  advantage 
after  the  niat«rial  was  eut  up  and  rolled  out  where  it  was  easily 
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accessible.  The  large  logs  were  thrown  into  heaps  and  consti- 
tuted the  base  of  all  the  piles.  The  lighter  logs  with  limbs,  brush 
and  stump  fragments  were  then  thrown  on  top.  completing  the 
woric  preparatory  to  burning.  The  tools  «s«l  were  the  axe, 
the  croas-cut  saw,  eant-hooka,  mattocks,  Bhovela,  augera,  block 
and  tackle,  %-iii.  wire  cable,  a  snatch  block  open  at  the  side  to 
admit  cable  without  passing  the  end  through  the  block  (a  very 
great  advantage ) ,  and  a  digger  with  a  3-in.  cylindrical  bit  open  on 
one  aide  and  welded  to  an  S-ft  handle  of  1-in.  gaa  pipe,  whieb 
ia  an  excellent  tool,  capable  of  cutting  ita  way  through  roots  and 
frozen  ground.  A  battery  costing  about  $18  with  lead  wires 
completed  the  outfit  of   tools. 

The  preliminary  work  conaiated  of  swamping  and  aawing  and 
placing  all  brush  and  unsound  lags,  limbs,  brush,  etc.,  in- piles 
for  burning.     The  cost  of  the  preliminary  work  was  «s  folloirs; 

, Plot  So.  1 ,  , Plot  Ko.  2 , 

Hoan  Rate  Total  Houn  Rate  ToUl 

Swampers     ITS  t02S  144.00           143  10.25  t33.7E 

aawren     39  .15  9  TE            44  .3E  11.00 

Teamaten    , 40  .25  lO.nO            19  ^  4.7S 

Teami 40  l.™**  4  45            IS  l.OO"  2.10 

Peed     1.W  4,46            ..  1.00*  2.10 

Total tra.W  tTS-TD 

Per  acFB   14.M  14.74 

•  Per  d»T. 

The  cost  of  making  the  holes  for  the  powder  was  as  follows^ 

, Plot  No.  1 ,     , Plot  No.  2 , 

Hours   Rate      ToUl  Hours   Kate      Tot^ 

Borint  bolH  152      tO-25     t38,«0  ISS     tO.25      (42.00 

Per  acre   7.78  8.« 

The  lal)or  cost  of  the  blasting  was  as  follows: 

, Plot  No.  1 ,  , Plot  No.  t . 

Houra   Bate      Total  Honrs  Rate      TMal 

Powdnmaa    58      PI.35     m.SO  41      tO.aS     tl4  3I> 

Helper    58        ,2S       14.G0  «g         .2S       17.00 

Total    t34.7CI  I31.S5  i 

Per  acre  *.94  S.27 

The  cost  of  piling  the  stumps  was  as  follows: 

, Plot  (Jo.  I—,  , Plot  No.  2 . 

Hours   Rate      Totnl  Hours   Rate      Totrt  i 

Swampera     ISB      10.25     ;42.00  220      ^.25     ^56.00 

Teamatera 42         .25       lOM  52         .25       13.00 

Teams     42       l.Ofl'       4.65  52       !.«>•        5.30 

Peed    LOO"       4.8S  l-OO*       EJO 

Total    tlll.80  J7».«0  I 

Per  anre     12.36  15.M 
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The  eatimated  cost  of  leveling  the  ground  per  plot  was  as 

followH: 

Hours  Bate  ToUl 

Teamiten    20  tO.iS  $  S.OO 

Helpen   20  .SS  6.00 

Teami 20  lOO*  3.00 

Feed    l.OO*  E.OO 

Total    114.09 

Per  (ibre   2.80 

The  estimated  cost  of  burning  per  plot  -was:  One  man  80 
houra  at  2S  ct.  or  $20,  making  the  cost  per  acre  $4.  The  average 
amount  of  powder  used  for  ea«h  size  of  atump  ia  shown  in 
Table   I. 

General  figures  on  the  clearing  of  the  two  plots  follow; 

Plot  No.  t  Plot  No.  2 

Ares,  acrei  6  B 

Number  of  atump* ,479  StS 

Total  leet  diameler 701.3  S71.7 

A.vttagt,  diameter.  In 14.4  21.2 

Powder  nud.  lb 1.578  2.000 

Coat  powder,  it.  per  lb 16  17 

Coat  powder  per  ft.  diameter,  ct 39,S  50 

Blaitane  bolea,  ft.  1.220  1,228 

Coat  blaatinc  per  ft.  hole,  ct 032  .D34 

Blaating  caps.  No.  6.  number  297  6 

Eleclrie  tnsas.  No.  6,  number  MO  BSE 

Triple  tape  (u»e,  ft 422  9 

The  final  cost  figures  were  as  followa; 


Total  « 


Per  a. 


1.  dia. 


Pil"e'; 
Burning 


Total     J547.54    J 


Plot  Plot  Plot  PM 
No.  1  No.  2  No.  1  No.  3 
t  14,5.1    t  14.74      10.3    10.4 


n  09.90    ) 


Land  Clearing  wltb  Donkey  and  Traction  Enginei.  Infor- 
mation on  the  clearing  of  land  with  donkey  and  traction  engines 
i»  given  by  Mr.  C.  H.  Shattuck  in  Bulletin  No.  1,  "Method  of 
Clearing  Logged-Otl  Land,"  published  by  the  University  of  Idaho. 

nie  donkey  engine.  Hie  caterpillar,  or  the  ordinary  traction 
enjtine  used  in  threshing  may  each  be  operated  to  advantage  on 
stumpa  of  variouB  sizes,  depending  on  the  power  of  the  i^^ine 
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uaed.  The  SO-hp.  donk^  engine,  atatea  Mr.  Shattuck,  will  pult 
practically  any  sound  etiunp  up  to  30  in.  in  diameter  and  almost 
any  cracked  stump.  It  will  also  clear  from  3  to  5  acres  at 
one  setting  and  pile  the  name.  An  efficient  crew  can  pull,  pile, 
and  liurn  the  stumps  remaining  where  heavy  cedar,  fir,  white  pine, 
and  tamarack  timber  has  been  removed  at  from  $75  to  $115  per 
acre,  the  cost  being  distributed  aa  follows: 


The  above  figures  are  from  actual  clearing  operations  on  a 
farm  at  Samuels,  Ida.,  and  represent  the  best  that  can  be  ex- 
pected from  this  method  for  such  timber,  ae  the  machinery  and 
men  were  all  that  one  could  desire  from  the  standpoint  of 
efficiency  The  timber  waa  as  heavy  as  is  ftenerally  fouT»d. 
The  trees  probably  averaged  80  to  the  acre  and  30  in,  in  diame- 
ter, and  were  mostly  sound.  Open  yellow  pine  land  and  that 
containing  smal!  timber  can  be  cleared  for  very  much  less.  The 
cost  of  burning  and  leveling  is  considerably  increased  by  failure 
to  remove  all  the  earth  poasible  from  the  stumps  before  piling 
and  also  by  making  the  piles  too  large.  After  the  larger  piles 
{where  a  gin  pole  is  used)  have  burned  far  some  time,  the 
earth  falling  from  the  roots  of  the  upper  stumps  smothers  the 
fire  leaving  many  unconsumed  stumps  and  fra<;ments  buried 
under  masses  of  earth  which  must  be  removed  and  the  fragments 
replied  and  fired  a  second  time.  Large  hummocks  of  earth  aver- 
aging 30x30x4  or  5  ft.  and  containing  from  3,000  to  6.000 
cu.  ft.  of  badly  burned  earth  resemliling  fire  brick  are  thus  left 
to  be  distributed  over  the  fields  at  considerable  expense  and  more 
or  less  tn  the  detriment  of  the  soil. 

The  Holt  caterpillar  60-hp.  engine,  states  Mr.  Shattuck,  will 
remove  sound  stumps  up  to  18  or  20  in.,  and  the  caterpillar 
features  give  it  a  very  decided  advantage  in  getting  over  uneven 
or  swampy  ground.  It  also  works  rapidly  and  ia  very  elBcient 
for  small  stumps  and  young  standing  timlwr.  It  has  been  known 
to  pull  100  stumpe  per  hour  for  7^  hours  on  a  apeed  t«Bt-  and 
has  also  averaged  460  stumps  per  day  at  regular  land  clearing 

The  ordinary  traction  engine  uaed  in  threshing,  -wood-sawing. 
etc.,  can  be  ao  rigg^  aa  to  pull  small  stumps  and  young  trees 
much  as  described  for  the  caterpillar.  This  machine  works  well 
on  sound  stumps  uuder  IZ  in.  and  on  well  cracked  stumps  or 
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on  HDiall  timber.  These  machines  are  not  so  easily  handled  on 
rough  or  Bwamp  ground,  nor  are  the;  as  fast  as  the  caterpillar 
engine,  hut  many  more  of  them  are  available. 

Cost  of  lulling  Small  Treeg  with  a  Traetion  Engine,    The  fol- 
lowing appeared  in  EngiTieeriiig  and  C'ontTacting,  Afay  7,  1913; 
A  field  of  about  60  acres  waa  covered  with  a  scattering  growth 
■  of  small  trees,  varying  from  aapiings  1  in.  in  diameter  to  young 
trees  having  a  diameter  of  7  or  8  in. 

The  owners  of  the  land^  had  a  gasoline-kerosene  traction  en- 
gine of  45  bhp.,  and  with  this  pulled  the  saplings  out  bodily, 
without  the  aid  of  falls  or  snatch  blocks.  A  %'in.  Norway  iron 
chain  30  ft.  long  was  used.  One  end  of  this  chain  was  attached 
to  the  draw  bar  of  the  engine  by  means  of  a  clevis,  and  the 
other  end  was  given  one  and  one-half  turns  around  the  tree  to 
be  pulled,  and  the  ead  of  the  chain  made  faat  with  a  f^b 
hook.  The  first  trees  attempted  were  aliout  3  in.  in  diameter, 
of  persimmon,  elm  and  black  jack,  all  well  rooted.  Taken  one 
at  a  time,  they  pulled  out  without  great- difficulty.  Pulling  two 
trees  with  one  hitch  hy  taking  two  turns  of  the  chain  about  the 
first  tree  and  leading  the  chain  back  to  a  second  proved  feasible. 
and  the  plan  was  extended  as  experience  was  gained  to  as  many 
hitches  as  were  permitted  by  the  length  of  chain  available,  when 
the  trees  were  not  too  large. 

For  the  larger  trees.  4  to  S  in.,  a  single  pull  to  each  tree  was 
taken,  the  hitch  as  high  ahove  the  ground  as  practicable;  and  a 
block  of  wood,  8  or  10  in.  in,  diameter  by  4  ft.  long,  was  thrown 
on  the  ground  against  the  tree  and  directly  under  and  at  right 
angles  to  the  chain.  This  hearing  acted  as  a  fulcrum  when  the 
tree  was  bent  over  by  the  pull,  and  served  to  bring  a  very  pow- 
erful pull  on  the  roots  remote  from  the  engine.  In  the  case  of 
a  few  8-in.  black  locusts,  a  man  stood  by  the  tree  with  an  ase  and 
struck  off  the  roots  remote  from  the  engine  as  the  pull  indicated 
their  location.  This  process  materially  assisted.  It  was  found 
tha.t  the  most  satisfactory  rpflults  were  secured  with  the  larger 
trees  when  the  hitch  was  made  at  a  height  of  from  3  to  5  ft.  above 
the  gronnd. 

The  engine,  as  stated  above,  was  a  gasoline-kerosene  engine 
having  four  vertical  cylinders  and  rated  at  46  bhp.  The  engine 
ran  continuously,  and  the  power  was  transmitted  through  an 
efUcient  friction  clutch.  The  engine  was  reversible  and  could 
be  reversed  from  forward  to  backward  motion  in  5  seconds.  This 
feature  was  of  value  in  providing  slack  in  the  chain  immediately 
after  a  pull,  and  in  backing  down  for  the  next  hitch. 

It  was  found  necessary  to  use  the  full  length  of  the  30-ft. 
chain  in  pulling  the  trees  4  in.  in  diameter  and  over,  u  the  tops 
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oftMi  came  down  directly  towards  the  engine  with  a  vicioua  crash. 
The  moat  efflcient  procedure  was  found  to  consist  in  running  the 
engine  at  full  sptid  and  to  bring  the  tractor  against  the  load 
slowly  until  the  pulling  chain  became  taut,  then  suddenly  to 
bring  the  full  power  ol  the  engine  against  the  pull  hy  means 
of   the   friction   clutch. 

Owing  to  the  intermittent  character  of  the  loading  it  w&a 
found  impossible  to  obtain  satixfactory  results  with  any  fuel  but 
^ttoline.  The  fuel  consumption  wa^  quite  low  for  the  reason 
tliat  very  little  whs  consumed  except  at  such  times  as  the  tractor 
was  actually  making  a  pull 

The  following  is  a  statement  of  the  expense  attending  the 
cleaning  up  of  this  field,  careful  count  being  kept  of  every  tree 
pulled.  Everything-  smaller  than  about  3  in.  was  cut  down  with 
the  axe,  but  there  were  not  a  great  number  of  these  and  they 
are  not  included  in  tfais  statement. 

Cost  oy  Fulliso  1,246  Small  Trees,  3  in.  to  6  m.  in 

DL&  METER. 

108  gkl.  (uoline  at  H  Et |15.il 

LubriMDU    2^ 

One  engins  man  «  days  at  13  - 11.00 

Two  laborers  <  days  at  11.76 14.00 


At?rage  c«t  per  tree  lor  palliag  O.OSOB 

The  trees  were  removed  by  teams,  which  chained  them  to  a 
deep  gutly,  into  which  they  were  rolled  without  further  handling. 
The  cost  of  removing  trees  was; 

Two  teams  3  dayi  al  W  tlS.TO 


The  total  cost  of  pulling  and  renraving  was  t0.0049  per  tree. 

The  following  notes  on  stump  burning  by  Mr.  Le  Roy  Alliaon 
were  in  Engineering  Record,  July  26,  1614. 

The  cost  per  acre  of  clearing  lands  varies  considerably  with 
tfae  charac:ter  of  the  sub-soil,  condition  of  land,  etc.,  but  a  fair 
average  basis  for  the  Pacific  Northwest  may  be  taken  as  follows: 

Method  per  acre 

Powder  and  horte  pullpr  tlio 

Powder  and  leam too 

I>onliP7  eneine 90 


A   complete   land    clearing   plant   that   combines   the   difTerent 
generally  used  systems  into  one  plant  so  that  any  condition  of 
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land  may  be  cleared  ia  operated  bj  a  gasoline  engine.  It  consists 
of  a  five  fire  stump  burner,  a  cordwood  saw,  a  power  grubber  to 
use  with  Mtump  pullers,  a  geared  liorse  stump  puller  and  a  power 
stump  puller. 

One  of  tbe  features  of  the  plant  is  the  stump  burner  which  ia 
operated  by  a  blower  on  the  machine.  A  line  of  pipe  connects 
the  blower  to  &  eheetiron  hood  bj'  mesne  of  a  gooseneck,  entering 
the  hood  through  an  aperture  in  the  top.  This  hood  is  made  in 
four  sections  and  is  set  over  the  stump  to  be  demolished. 

The  use  of  the  bnrner  is  particularly  simple.  A  bole  is  bored 
down  through  the  center  of  the  stump  and  a  email  stick  of  pow- 
der is  employed  to  split  it  apart.  This  splitting,  while  not  en- 
tirely essential,  facilitates  in  allowing  the  fire  started  on  top  of 
the  stump  to  gain  rapid  headway  and  burn  more  evenly.  The 
hood  is  then  placed  over  the  stump  and  banked  up  with  a  little 
earth  at  tbe  bottom  and  forms  a  closed  but  not  airtight  cham- 
ber. The  fire  is  then  started  and  pipe  connection  from  the 
blower  made,  after  wbicb  a  constant  downblast  ie  hlown  upon 
the  name,  continually  fanning  it. 

Stumps   are   consumed    in~  this   manner   in    from    2   to    ''    * 


depending  on  the  aire  and  nature,  wbile  those  of  excessive  diame- 
ter and  unfavoralde  condition  may  require  a  long  period.  Dur- 
ing the  operation  of  the  machine  the  heat  within  tbe  chamber  - 
becomes  intense  and  the  sheet  iron  red  hot,  making  a  veritable 
eharpit.  The  hot  air  rising  from  the  hood  creates  a  partial 
vacuum,  drawing  in  tbe  cold  air  around  the  outside  of  the  hood. 
thus  preventing  it  from  burning  out. 

Upon  removal  of  the  hood  following  the  consumption  of  the 
stump  the  fire  is  covered  with  dirt,  allowing  the  roots  to  charpit 
to  the  ends  without  the  aid  of  the  blower. 

Official  tests  of  the  Inirner  apparatus  have  been  made,  showing 
effective  results  at  low  cost.  At  Gladstone.  Ore.,  a  water-soaked 
stump  20  ft.  in  circumference  at  the  base,  13  ft.  in  circumference 
at  the  top  and  4  ft.  high  was  uned  for  test  purposes. 

The  equipment  used  consittted  of  a  4ilip.  gattoline  engine,  a,  No.  3 
BulTato  pressure  blower  and  a  line  of  4-in.  pipe,  with  hood  and 
gooseneck.  A  2-ft.  vertical  hole  was  bored  in  the  stump  from  tbe 
top  with  a  1-in.  auger  to  accommodate  a  stick  of  dynamite  used 
for  splitting.  Confining  the  lieat  by  the  sbeet-iron  hood  caused 
rapid  combustion  of  thia  heavy,  water-soaked  timlier.  The 
Rtump  was  consumed  in  C  hr.  The  total  oost  was  $1.15,  divided 
into  IS  cents  for  gasoline  for  engine  operation  and  40  cents  for 
explosives. 

Tlie  method  of  operating  a  complete  machine  advant^eously 
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will  be  readilf  und«ratood.  It  is  aet  on  a  corner  of  the  land  to 
be  cleared  and  live  etumpa  in  the  immediale  vicinity  are  split, 
fired  ajid  placed  under  the  blower  blasts.  Iliese  require  no  par' 
ticular  further  attention  until  consumed.  Second -growth  trees 
are  nie«ntiine  pulled  out  and  eawed  into  cordwood,  the  roots  and 
snags  being  tiirown  into  the  neighboring  fires  to  be  burned. 
With  the  power  grubber  all  the  undergrowth  and  small  roots  are 
removed. 

Subsequent!;  the  machine  is  removed  U>  another  position  and 
tbese  operations  repeated.  By  this  method  a  strip  of  60  to  100 
ft.  wide  across  the  property  is  left  ready  for  immediate  plowing 
and  seeding  while  the  machine  is  engaged  in  clearing  other  see* 
tiona.  The  noticeable  value  of  the  plant  is  in  the  expedition  with 
which  the  work  is  executed,  the  reduced  cost  and  the  clearing  of 
the  land  without  waste  of  the  vegetable  mold  which  makes  it  so 
fertile  and  productive. 

Where  there  are  a  number  of  large  stumps  or  trees  to  act  as 
dead  men,  tiie  use  of  stump  pulling  machines  is  economical. 
Where  there  are  no  natural  dead  men,  the  machine  must  be  an- 
chored by  means  of  large  butts  drrven   in  the  ground. 

Stumps  are  pulled  with  a  direct  pull,  the  cable  running  fraca 
the  stump  to  the  machine,  or  with  a,  double  pull,  the  cable  run- 
ning through  a  block  fastened  to  the  stump  and  being  attached 
to  another  dead  man. 

A  long  cable  should  be  used,  as  the  machine  ia  then  moved 
fewer  times.  A  60-foot  cable  will  clear  about  H  acre,  an  S6- 
foot  cable  about  H  acre,  a  100-foot  cable  %  acres  a  150-foot 
cable  !Vj  acres,  a  200-foot  cable  nearly  three  acres,  from  one 

Steam  DrlTen  Btnmp  PnlUng  Kaoblne.  Ad  outfit  designed  tor 
use  in  clearing  land  where  the  area  to  be  cleared  is  considerable, 

first  hauls  in  and  stacks  or  toads  the  logs,  and  then  pulls  the 
stumps  and  hauls  them  in  piles  to  be  burned.  It  ia  designed  to 
clear  G  acres  at  a  single  average  set,  or  an  area  approximately 
600  ft.  wide  by  350  [t.  deej^;  pulling  all  stumps  within  this  area, 
skidding  tbem  to  tlie  pile,  and  piling  them. 

After  one  area  is  completed  the  machine  moves  under  its  own 
power  to  repeat  the  operation.  The  frame  of  this  machine  con- 
sists of  steel  beams,  curved  up  at  the  ends  to  facilitate  moving. 
On  the  forward  end  of  the  frame  is  mounted  a  steel  A  frame 
which  supports  the  piling  boom.  On  the  rear  of  the  frame  is 
mounted  a  hoisting  engine  and  boiler.  This  machine  is  made  in 
several  sizes.  No.  1  machine  has  a  maximum  pull  of  145,000  lb. 
on  a  single  line  with  a  speed  of  from  30  to  350  ft  per  min.  for 
skidding  the  stumps  to  the  machine  after  pulling.    The  middle 
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drum  of  the  engine  csiriea  the  piling  line  which  bos  a  load  capac- 
ity of  10  tons.  All  operations  are  controlled  by  e.  single  opera- 
tor. The  shipping  weight  of  this  machine  ie  approximately 
TIgOOn  lb.  The  smaller  aii^e  machine  has  a  pulling  capacity  of 
110,000  lb.  and  a  nkidding  spefdof  from  30  to  300  ft.  per  min. 
Tfaey  coat  from  310,250  to  $12,350  i.  o.  b.  Minnesota. 

The  following  niven  the  cost  of  operating  one  of  these  machines 
and  is  from  Engineering  IVeics,  Sept,  24,  1914. 

One  piece  of  clearing  done  in  Texas  was  on  heavy  clay  land 
with  pine  stuoips  10  to  40  in.  diameter  averaging  44  per  acre. 
The  machine  pulled,  skidded  and  piled  about  110  stumps  per 
day,  at  a  cost  of  about  SB  et.  per  stump,  or  $12.32  per  acre, 
clearing  about  2"^  acres  per  day.  The  working  force  was  aa 
follows,  with  a,  total  daily  cost  of  $30: 

1  FoTPnun    t5.D0  2  Hoaken  (each)    (2.00 

1  KogiUfiBaa  3.50  1  Tongmun    ZOO 

I  L"»»nnMi    200  1  Stump  grubber  l.BO 

IFiremmn...- -.    2.M  1  Waler  t*Bm  4.00 

lHelp«r  B.no  1  Fuel  learn  4.00 

e  of  pullers,  f.  o.  b.  Iowa, 


Hp. 

Hor™ 

with            pulley 
csblB       with  cable 

^Ji- 

'-S'" 

""T^ 

SO 

I 

nzK.oo        tin.so 

20n.00            28.i» 

110.00 
1B.T5 

11 

3«.oa 

s 

noth 

r  make 

f.  0.  b.  Illinois, 

costs  as 

follows: 

Bed  timbers,  tor  self- anchoring,  tor  the  aliove  machines  cost 
from  96  to  £12  and  weigh  from  300  to  750  lb. 

Sweeps  cost  from  J4  to   88  and  weigh  from   150  to  200  lb. 

A  rotary  power  attachment  for  the  above  machines  costs  $38 
and  weighs  complete  660  lb. 

Price  of  wire  rope  tor  grubbing  machines: 


i 


KI;.-WC)()^|U 
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Hand  Power  Stnmp  Puller  suitable  for  smaller  work,  aitd 
capable  of  jiulling  from  50  to  TO  stumps  per  day  depending  on 
conditions,  weighs  about  260  lb.  for  shipment  and  costs  $45  net 
f.  o.  b.  Pennsylvania.  The  operation  of  this  machine  is  as  fol- 
lows; ^lie  machine  is  placed  at  the  side  of  the  stump  to  be 
pulled  with  the  chain  around  the  root.  Grips  on  the  pulling  bar 
are  then  taken  up  and  the  stump  is  pulled  hy  the  pressure  on  the 
hand  lever. 

Another  make  of  hand  power  stump  puller  in  the  fonn  of  a 
winch  costs  MO  with  60  ft.  steel  cable,  stakes  and  chain.  It  ia 
suitable  for  pulling  small  stumps. 

A  handy  tool  fur  usp  in  pulling  lateral  roots  and  small  stumps 
was  dencribed   in   Engineering  and   Coniracitng  as   follows. 

A  tool  that  has  given  good  service  in  connection  with  the  tripod 
stump  puller  and  dynamite  in  the  clearing  of  sandy  white  pine 
stump  land  is  used  as,  a  lever  over  which  the  team  pulls  to  give 
additional  power  for  the  pul)inf>  of  lateral  roots  and  small 
stumps  left  in  the  ground  by  either  the  dynamite  or  the  large 
puller. 

The  log  chain  is  passed  through  the  ring  at  the  top  of  the 
triangle  and  then  around  the  snag  or  root  to  be  pulled.  The 
triangle  H  set  up,  the  top  leaning  towards  the  object  to  be 
pulled.  As  the  horses  tighten  up  on  the  chain,  this  gives  a 
lifting  power  as  well  as  a  straight  pull  »nd  ob  it  cornea  over 
towards  the  team  the  power  of  the  team  is  about  tripled. 

The  two  sides  of  the  triangle  are  made  of  4  x  4's  and  are 
about  4Vj  ft  long..  Tlie  bottom  side  is  made  of  a  beav;  round 
piece  of  wood  and  is  2^  ft.  long.  The  ring  is  fastened  into  the 
top  with  a.  heavy   bolt. 
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SUBVEYIKO  Am)  ENGINEEBIKG  EQmPUENT 
(See  Levela,  Drawing  Boards  and  Transits) 


B«m  ramput  fIT.W 

Bet  of  dr»wing  InMrumentu  13,00  to    30.00 

ProtTMlor,  e  inch  1.80 

EBgiDwr'i  trisuguUr  icile.  12  inch 2^ 

Architect's  triiDEubri  seals.  12  inch 2.20 

46  dcg.  trBn«p«reiil  triangle,  6  inch  .65 

IS  deg.  ttiniparenl  triaiucle,  10  inch  1  JO 

30br  «Od»g.  lri»oglo,  S  inch .50 

30  by  GOdeg.  Iriingle,  10  inch  .90 

Srt  Ksilroad  csrvea  6.15  ta    CSOO 

Set  French  cur»e»  <,00  to    10.00 

T  «]uarp,   Bxrd  bi-sd.  wood,  3S  inrh    -..  .<>()  to      l.GO 

T  square,  doDble  head,  wood,  30  inch  1.00  to     2.10 

ThDmb  tack*,  doien ,70 

Water  colora,  per  pan  .30 

India  ink,  botOe  .^> 

Leveling  rod,  Philadelphia  IS.OO 

norlda  rod,  1!  ft 12.00 

Kanga  polei,  10  ft E-20 

Plumb  bob,  H  lb 2.25 

Stake  Ucks,  each  .15 

Marking  pin*  nr  aprnw.    »>     l.SO 

Tape  mending 


Tape  mendiag  aleerrg,  do»n 
Steel  lape,  m(— '  — '    —  - 

Cloth  tape.  1e 
Planineter  .. 
PatilogTBph   . 


Slee!  tape,  metal  reel.  BO  ft.  . 
Cloth  tape,  leather  eaae,  100  I 
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TAMFEBS 

Concrete  Tampers  with  square  caat  iron  bases,  wil 
wood  handles  weighing  IG  II).,  6  by  S  in.,  $1.50;  I' 
in.,  $1.70;   and  27  lb.,  10  in.,  $2.20. 

Slrt  Tampers  with  4  ft.  handles,  round  bane,  I 
$180;  and  7  in.,  17  lb.,  $1.80. 

Steel  Face  Tampers  with  4  ft.  handles,  8  by  H  it 
lb.,  $2.00;   and   10  by  10  in.,  weight  18   lb.,  $2.20. 

Pavlag  Rammer  for  granite  weighs  50  lb.  and  cos 
bleetone  rammer,  weight  SO  lb.,  coata  $12.80. 

Power  Tamping  Xaohtne.     Fig,  317  conaiBtB  of  s 


Fig,  317.    Power  Tamping  Machine. 

truck  on  the  rear  end  of  which  la  an  air  cooled  gasoline  engine, 
battery  box  and  gaKoline  tank,  which  drives  by  a  belt  a  hard 
wood  "lifting  board"  with  a  cast  iron  head.  The  tamper  lt< 
lifted  by  the  power  of  the  engine  and  allowed  to  fall  by  gravity. 
Only  one  man  is  necessary  to  operate  the  machine,  and  the  man' 
ufacturer  claims  that  it  will  strike  60  blows  per  minute.  On 
this  basis,  allowinj;  60%  for  lost  time  and  wasted  strokes,  thi; 
head,  the  area  of  which  is  %  aq.  ft.,  will  cover  7,200  sq.  ft.  in 
one  day  of  8  hr.,  or  in  a  trench  3  ft.  wide  and  5  ft.  deep,  tamned 
in  6  in.  lasers,  will  cover  240  lineal  ft.  of  trench.  This  machine 
742 
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is  made  in  two  Bizes.  The  No.  1  size  will  tamp  a,  trencb  up  to 
4  ft.  in  width.  The  area  of  the  face  of  the  tamping  bead  ia  72 
inches,  the  machine  with  1^  hp.  engine  weighs  1,240  lb.  for 
shipment  and  coats  $330.,  f.  o.  b.  Springfield,  III.  Tbe  larger 
machine  haa  a  tamping  head  of  110  sq.  in.,  will  tamp  a  trench  up 
to  5  ft,  in  width,  weighs  1,030  lb.  for  ahipment  and  costs  $385. 
This  machine  is  powered  with  a  gaaoline  engine  of  2%  hp. 

Power  Traction  lampei.  A  machine  adaptable  to  tamping 
backfill,  picking  pavement,  and  similar  work  is  illustrated  by 
Fig.  31S.    It  is  operated  by  a  3  hp.  gasoline  engine.    The  tamp- 


rig.  318.    Power  Traction  Tamper, 

ing  head  weighs  150  lb.  and  has  a  26  in.  stroke.  The  machine 
haH  a  road  speed  of  V/^  miles  per  hr.,  and  a  tamping  speed  of  0 
ft.  per  miu.  It  costs  f.  o.  b.  Milwaukee,  $785.  This  machine  is 
operated  by  one  man. 

Pavement  Breaker.  The  following  description  of  this  machine, 
built  by  Mr.  B.  A.  Mercier,  appeared  in  the  Engineering  News 
Record.  .Tan.  7,  1917. 

Two  types  of  concrete  breakers,  one  of  which  is  shown  in  Fig. 
319,  were  built  for  tearing  up  paving  over  the  line  of  trenches 
for  conduits,  gas  or  water  mains  Both  are  run  by  gasoline  en- 
gines.    The  leads  on  one  are  hinged  to  the  fold  down  for  moving, 
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Fig.  319. 

D,jn:tci;.  Google 


wbile  the  leads  on  the  other  are  pivoted  to  swing  to  an  arc  of  0-ft. 
length,  BO  that  quite  a  wide  treoch  can  be  broken  in  one  move- 
ment of  the  machine. 

After  removing  the  wearing  surface,  the  machine  BtraddleH 
the  tine  of  tracks,  and  the  GOO-lb.  hammer,  fitted  with  a  wedged- 
ghapcd  point,  is  raieid  and  dropped  to  break  up  the  base.  The  frame. 
bra(¥  membera,  leads  and  arc  of  the  pivoted  machine  are  made 
of  Sin.  channel  iron.  The  leads  are  lined  with  oak  and  are  0 
ft.  long.  A  pole  inserted  between  straps  on  one  of  the  horizontal 
hraccn  is  guided  by  one  man  to  locate  the  hammer  tjlowti.  Tlie 
hammer  in  controlled  by  an  ordinary  8in.  band-operated  clutch 
and  foot  brake,  the  clutch  being  geared  to  the  7-hp  gasoline 
engine.  The  machine  is  pulled  along  the  line  of  the  tracks  by 
a  hand  windlass  and  rope  attached  to  a  bar  driven  in  the  pave- 
ment some  distance  ahead.  It  can  be  moved  from  job  to  job 
with  eaise  by  one  team.  It  is  also  capable  of  cutting  sheet  asphalt 
to   a   very   accurate   line. 

The  second  machine  is  provided  with  a  chain  drive    instead  of 

Each  of  these  cost  about  $!)75  to  build  at  the  time.  The  cost 
of  building  similar  machines  at  the  present  time  would  be  ap- 
proximately $1,500  complete. 

Comparative  Cost  of  Kaehlne  and  Hand  TampfnK.  The  fol- 
lowing is  from  an  article  by  Mr.  C.  W.  Wilson  in  Mwiivipal  En- 
gineering, May,  1016. 

On  work  at  Superior,  Wis.,  in  connection  with  a  largo  con- 
duit installation,  four  miles  of  trench  backfill  was  tamped  by 
hand  and  approximately  6,000  feet  mechanically  tamped.  Bell 
tampers,  5  inches  in  diameter,  were  used  by  the  workmen,  while 
the  bead  of  the  machine-tamping  ram  measured  9  by  12  inches. 
The  average  depth  of  trench  was  .1  feet,  average  width  18  inches. 
The  material  consisted  of  a  red  clay  of  e-it'eedingly  tough  te.i- 
(urc.  which,  when  wet,  was  almost  impossible  to  tamp  by  hand, 
but  the  lumper  thoroly  compacted  it  at  an  approximate  saving 
of  6  cents  per  linear  foot  over  hand  tampinf;. 

The  machine  vraa  a  power  trai-tion  tamper,  equipped  with  n 
3  hp-  4-cycle  engine.  On  this  job  accurate  cost  records  were  kept, 
HO  as  to  determine  the  actual  dollars  and  cents  difference  between 
the  two  methods.  The  conditions  under  which  the  hand  tampers 
completed  with  the  machine  were  identical.     ■ 

Lenithot 

trench  in  fl.  Method  Cmt  Cost  tier  tt. 
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345  band  21  J»  mt 

320  b»Dd  24,8u  .075 

£20  hBDd  29.80  .093 

358  bolb  methodi  19X,  .056 

The  machine,  while  tamping,  ttaveis  at  the  rate  of  approxi- 
mately 9  feet  per  minute,  or  540  feet .  per  hour.  The  machine 
keeps  six  to  eigtit  shovelera  busy,  depending  on  the  nature  of 
the  soil,  and  there  is  considerable  satisfaction  in  knowing  that 
after  the  machine  has  gone  over  the  trench  it  is  properly  and 
thoroughly  compacted. 

In  order  to  accomplish  the  same  result  by  band  as  obtained 
by  machine,  it  would  be  necessary  to  use  eighteen  tampers  wilti 
the  six  shovelers,  at  a  coat  of  25  cents  per  hour,  or  a  total  rost 
of  $8  per  hour;  whereas  with  the  marfiine  the  cost  for  labor, 
not  figuring  the  coat  of  the  operator,  $1.50  per  hour,  effects  a 
eaving  of  $6.50  per  hour. 

CompreBied-Ali  Driven  Eammera  for  use  in  foundries  ire 
economical  because  of  their  simple  construction  and  the  large 
amount  of  vork  they  will  accomplish.  Owing  to  their  leasenin); 
the  manual  elTorta  of  the  moulder,  they  enable  him  to  accomplish 


Fig.   320.  ■  Bammers   at  Work   on   Sewer   Covers. 

from  four  to  twelve  times  ae  much  work  as  under  the  old  hand 
methods.     These  rammers  are  especially   adapted   for   the   manu- 
facture of  concrete  building  blocks,  pier  foundation  blocks,  sewer 
covers,  chimney  cap,  window   sills,  curbing,  etc. 
The  prices  of  rammers  are  as  follows:  , 

Size,  Weight  Price 

inches  tiMd  tot  in  lb.        t.  o.  b,  firury 

%  by  4  Bench  work  snd  cores  7  t» 
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Tie  Tunpen  primarily  designed  for  t«mping  ballast  on  rail- 
road track  may  also  be  used  for  breaking  up  asphalt  and  concrete 
paving,  in  tbe  picking  out  of  paving  blocks,  breaking  up  frozen 
material  and,  also,  for  drilling  in  soft  rock.  A  tamper  weighing 
about  43  lb.  with  connections  costs,  $110  without  attachments. 
Cutting  or  tamping  bits  coat  about  $3  each.  This  machine  is  best 
operated  at  a  pressure  of  70  lb.  and  has  an  air  consumption  of 
16  cu.  ft.  free  air  per  min.  at  tkis  pressure . 

ComparatlTc  Cost  of  Tie  TamplsK  \ty  Hand  and  hy  Pnen- 
matle  OntAt.  A  competitive  test  conducted  on  one  of  tlie  large 
railroads.  Hand  vs.  Machine  tamping,  using  a  four-tamper  gaso- 
line outfit,  was  as  follows; 

Numbo  Time         Feet  of  track 

of  men  hcwra  tHinp«d 

Hand  fsiiK  16  S  600 

HaoblnB  (ADg  fi  8  G28 

Foreman. 
SavluE     10         TimeSObouTB  2S 

ExpeoHe 

Number  Xrhe^ 

almeu        Wafei  etc.  ToUl 

Hand  sans  IS  tiSM  M3.50 

Foreman. 
Machine  gans   8  118.60  tS-M  U&.I6 

Savins 1°  tl^.^fi 

SaTing  IQ  pBTOr  of  Hschine  Tampins 
In  tampine  aeaaoD  of  200  dara  at  tI8.0e t^.SlO.OO 
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TELEPHONES  AKS  TELEPHONE  LINES 

Cost  of  a  ConitraottoiL  Serrloe  TelephoiLe  Line  In  Cuba. 
Specifications:  Length  15  miles,  464  poles,  line  is  2-wire  metallic 
circuit  No.  12  B.  &  S.  gauge,  hard  drawn  copper  wire,  oak 
brackets,  glaae  ineulntoTB,  poles  spaced  171  feet  apart. 

Per  mile 

Digging  holn  t  31.71 

Sqasring  poles,  etc H.IS 

Setting  potea  M5.«6 

Stiin^ng  wire    TS.73 

Toola    iM 

Total,  prior  to  1910  J368.W 

The  following  costs  have  been  compiled  frcm  an  article  in 
Engineering  and  Contracting,  190S,  on  the  cost  of  building  a  high 
power  transtniseion  line.  The  average  length  of  haul  was  one 
mile.     The  wages  paid  per  lO-hour  day  were: 

Foremtn    TSM 

Laborers    l.EO 

Lineman    2,60 

Team,  2  boraes  and  driver  *M 

The  poles  were  of  chestnut  30  to  33  ft.  long,  6  to  9  inches  at 
tlie  top,  and  12  to  18  inches  at  the  bottom.  Seventy-four  poles, 
S  to  10  on  a  load,  were  unloaded  from  cars  and  hauled  to  the 
work  for  $30.  Seventy-four  holes,  5  ft.  deep  and  an  average 
of  24  inches  in  diameter  were  dug  at  a  cost  of  $72.75  or  98  cents 
per  bole.  Poles  were  raised  by  hand  at  a  cost  of  $56.75  or  7G 
cents  per  pole,  and  were  dapped  for  the  cross  arms  at  a  cost 
of  $22.62  or  9.8  cents  per  dap.  One  hundred  and  sixty-six  cross 
arms,  well  braced,  were  placed  at  a  cost  of  $27.62  or  17  cents  per 
cross  arm.  Nine  hundred  and  ninety-eis  insulators  were  placed 
at  a  cost  of  $6  or  0.6  cents  per  unit. 

Xt  all  the  turns   the  poles  were  guyed,  and  elsewhwe   where 

necessary.     The  cost  of  digging  the  boles  for  this  was  $8.25  or 

92  cents  per  hole.     Raising  the  poles  cost  $12,  and  guying  them 

$9,  or  a  total  of  $3.25  per  guv  pole.     Id  some  places  trees  and 
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bushes  interfered  with  the  work  and  these  were  cut  down  for 
$33.50. 

Twelve  light  wires  were  strung  on  each  pole  at  a  cost  of 
$118.50  for  21.6  miles  or  tor  $5.50  per  mile  of  wire.  Where  the 
line  was  connected  with  the  old  line  4  poles  had  to  be  changed, 
which  cost  $56.50  or  $14.12  per  pole. 

The  coet  of  the  entiie  1.6  milee  of  line  was: 


Ilem 


Total  cost         Per  mile 


.  J30. 


f  IKdn  . 


Plufng  croBB  ■mu  and  iaeul 

Gus-  poles   

Trimming  tnta  and  bnshea  .. 

Strinffini  wkr«  

ChangiDg  old  poles  .-.--.-... 

ToUl    J46J.4S 


KS3.U 


I   taken 


The   following   itemized   cost   of  two  telephone   lines   1 
from  Engineerinij   and   Contracting,    1907. 

Two  short   lines  were  built,  one   10  miles   long  and  the  other 
I   long.   -The   cost   of   the    10   mile   line   was   as   follows 


mle: 


Labob. 


■s  foreini 


to  days  climhere  at  KSO   KM 

lO.B  days  groundmen  at  J2..26  23.63 

17.9  days  total  at  K.M   t45.5S 

Materials. 

28  poles  at  tlSO  142.00 

2S  croBs  arms  at  10.15  4.20 

2S  steel  pins  st  (0.04  1.12 

ZSgUss  insulators  at  (0.04  1.12 

66  Tag  screws  and  washers  at  tO.016 84 

aOfi  lb.  No.  9  galraaiMd  wire  at  t0.042  12.81 

Total  lea.w 

Total  labor  and  materials,  $107.62  @  $10.76  per  mile. 
More  than  9C»%  of  the  poles  were  25  feet'long.     The  rest  w 
JO  to  4ft  feet  in  length. 
The  cost  of  the  14  mile  line  was  as  follows,  per  mile; 

t.2  days  foreman  al  W.BO  t  T.70 

2.2  days  sub-foreman  al  $3.00  6.80 

E.J  days  climber  al  |2,75  H.BS 

11.4  days  gronndman  at  B.25  2B.64 

Eb  days  total  at  K.M  $64.52 
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Matbkiai.8. 

tiptHM  Bt  I1.E0  148.00 

as  bruiketa  M  $0,016   K 

SBO  lb.  No.  S  [slTtniied  wire  at  10.043  15.9B 

■"  'V  Ko.  S  pilTsiitied  win  at  WM2  .41 

J.  fencB  staple*  a*  *""- 


1%  lb.  f . 
S2  inau! 


lUtoH!  al»O.M  1.88 

ToUl    I  B61S 

Total  Ubor  anil  materials  tl^.TD 

2  tetupiLODti  at  mSO  KM 

ZOO  ft.  office  wire    1.40 

Total   »m.ae  tl6.24  p«i  mlle 

Considering  the  low  coat  of  telephone  lines  of  thia  character, 
it  is  surprising  that  they  are  not  more  frequently  built  for  use 
on  conatruction  work.  For  temporary  purposes,  a  much  cheaper 
kind  of  pole  could  be  used.  For  example,  a  very  substantial 
pole  can  be  made  by  nailing  together  two  lx4-iQ.  boards,  so  as 
to  form  a  poet  liaving  a  T-shape  cross  section.  Such,  a  pole 
would  contain  only  two-thirds  of  a.  foot,  board  measure  per 
lineal  foot  of  pole.  At  $24  per  M.  for  the  hoards,  a  pole  20  ft 
long  would  cost  32  cents.  Hence  the  polea  would  cost  leas  than 
SIO  per  mile  of  line.  The  No.  9  wire  would  ordinarily  coet  less 
than  S13  per  mile,  and  $3  more  would  cover  the  coat  of  the 
remaining  line  materials,  making  a  total  cost  of  $26  per  mile 
for  materiala.  I  have  no  data  ae  to  the  labor  of  erecting  such 
a  line,  but  it  would  certainly  be  leaa  than  $15  per  mile;  and  in 
Boil  where  poet  hole  diggers  could  be  used,  the  cost  would  be 
considerably  less.  In  fact,  a  telephone  line  built  for  $35  a  mile 
might  easily  be  obtained  under  fairly  favorable  condititma. 
Moreover,  it  could  be  taken  down  and  used  many  times  on  aub- 
sequent  coii8tructi<Hi.    These  figures  are  as  of  1910. 
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TEITTS  AND  CAHP  EQUIPHENT 

8  are  usually  made  of  S  oz.,  10  oz.,  or  12  oz.  a 
,  10  oz.  or  12  oz.  double  fliling  eanvaa,  or  of  10 
□z.  Army  duck. 


Fig. 

321.    Wall 

Tent 

Wall  Tents  wi 

H  Poles,  S 

TAKES 

Si» 

Height 

Height 

8o! 

o(w.ll 

BiDgle 

7  by     7 

fli 

8  by  10 

•i 

9  by  14 

1  by  14 

M 

1  by  a 

^ 

4  by  14 

s 

4  by  ZI 

9 

8  bj  M 

m 

8  by  M 

u 

8  by  42 

1 

l' 

Zl  by  21 

; 

I   by  *S 

2 

I  P  H 

a 

i 

Prices   do  not  include  flys,   which  cost   about  c 
price  of  tbe  tent  up  to  31  ft.  lengths. 
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Standard  Mule  ob  Dining  Flt. 


!8  b;  a 

sbrse 

tD  by  12 


3  for  RjB  with  guy  ropes,  but  no  poles 
Standard  Stable  Tents. 


Mb)- 21 
24  by  36 

24bT6l 
SObrSt 


10  (M.  Armr  duck 


Sbr  W 
Wbrn 
tobr  « 


Prices  complete  with  poles,  stakes,  guy  ropes  and  tackle  blocks 
for   setting   up. 


Fifer.    322.     fitaWe    Tent. 

The  Cost  of  Traniiiic  nnd  Flooring  Tents  is  given  by  Mr.  R.  C. 
Hardman  of  Fort  Huaehuca,  Ariz.,  in  Engineering  Xetci,  Sep- 
tember 26,  1S12,  from  which  the  following  is  abstracted : 

The  tents  were  of  two  sizes,  vizt  U  ft.  x  14  ft.  2  in.,  and 
6  ft.  11  in.  V  8  ft.  and  were  framed  with  2x4  in.  timber, 
braced  with  1x6  in.  timber  and  floored  with  1  x  12  in.  plank. 
The  larger  tent  bad  4  pairs  of  rafters  and  the  smaller  3  pairs. 
The  costs  were  as  follows: 
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Large  Tent; 

BOO  ft.  B.  U.  Inmber  »b  KO.OO  116.00 

Tib,  DBila  St  10.05  3fi 

ns.35 
Small  Tent: 

IB&lt.  B.  U.  IiUDb«r  ab|30JW IB.BS 

6  1b.  QBib  «t  W.05  25 

t5.sa 
L&BOR  Cost  of  Floobino  and  Frahino 
Tents  14  ft.  X  14  ft.  2  in. 

OcHt      par  Wnt 

CorpculerB,  32  boan  at  t0.50    ^5.00 

Curpentei-  helpers,  12*  hours  at  W.J7R  i».3S 

Lstwren,  19  hmiTS  at  tD.£S  4.75 

Laborers,  11  boon  Bl  10.20  2.00 

(71.33       11.877 

42  Floors,  Average  Height  1  Ft.  Above  Ground,  Leveled: 

Oan»nt«ra,  72  houra  at  lO.BO  t3B.OO 

Carpenter  helpers,  153  hooH  at  t0.37E  GT.38 

Laborers,  81  hourg  at  tO.26  20.25 

Laborers.  IB  hours  at  M.20  S.Sft 

I4J73 

Tents  C  ft.  11  in.  x  S  ft.  4  in. 

16  Frames: 

Carpeotera,  5  ftonra  at  tO.BO  1  2,50 

Oarpenler  helpers,  23  hours  at  fO.275 S.T5 

tU.25  .703 

11.504 

18  Floors,  Average  Height  1  Ft,  Almve  Ground,  Leveled: 


Carpenters,  9  hours  at  W.DO t  ■t.5"> 

»14.25       (0.89 

Total  Cost  of  Frame  and  Floor: 


Large       SmaU 
.  (15.36         (6.80 


*'■??, 


I   ties   required   per 


n  1,905  in  1,233 

The  quotAtitm  &t  the  mills  in  Missouri,  January,  1920,  for 
white  oak  untreated  ties,  was  from  TO  to  08  cents  for  the  6  by 
8  by  8  size.  The  ordinaJy  contractor's  tie  suitable  for  narrow 
gauge  track  is  generally  purchasable  at  about  flO  cents.  Ties 
4x4  in.,  in  sections,  are  too  small,  as  they  split  easily,  and, 
therefore,  tiee  smaller  than  6x4  in,  should  never  be  used- 
Ties  used  in  narrow  gauge  tracks  should  be  2  ft  longer  than 
the  gauge. 

Thirty-five  standard  gauge  ties  may  usually  be  cut  from  a 
pine  tree  that  is  14  in.  in  diameter  at  a  height  of  5  feet  above 
the  ground.  A  skilled  man  can  cut  and  trim  40  to  60  of  these 
ties  per  day-  The  cost  of  cutting  aJid  hauling  ties,  provided 
the  timber  ia  growing  in  the  immediate  neighborhood,  need 
not  be  more  than  10  cents  per  tic- 

The  life  of  a  tie  depends  largely  upon  its  suitability  for 
resisting  the  particular  kind  of  attacks  incidental  to  its  sur- 
roundings. Oak  ties  in  the  fairly  dry  localitiee  will  hold  epikea 
with  great  tenacity,  and  at  the  same  time  resist  the  effect  of 
dampness  very  well,  and  may  last  6  to  10  years.  Under  less 
favorable  conditions,  however,  they  may  not  last  more  than  T 
years  when  untreated,  while  if  thoroughly  saturated  with  creo- 
sote or  zinc  sulphate,  the  average  life  may  be  17  years. 

The  following  table  shows  the  lite  and  coat  of  ties,  etc.   ( 1910 
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Liife  in  fHftn  . 

Coat  of  '"newal 
OotC  in  track  . 

VbIqb  wornout 

SpACiDE   C   (O  C 

Cost  p«r  lin,  ft. 
Value  BCrsp  pei 


; Wood 1 

Dn- 
nestad  Trealsd    Sted 


O,  I.       (ore,      beam 


.12 
1.TO 

>.9n 

z. 

2. 

•m 

0. 

4.2S         G.26         2.30         3.2E 


.68     7SS.72     ilS.M 


The  above  coeta  are  determined  by  aubatituting  l 
ing   formula: 


-  AodurI  eoct  of  ties  per  UoeAr  ti 
=  First  coat  in  track  per  linear  fo 
=  Value  of  vomoDl  tie  per  linear 
=  Cseful  life  of  tie  io  jeara. 


In  the  above  table  1 


■-*%. 


Track  used  on  conatruction  work  ie  frequently  moved.  The 
tiea  will  stand  about  three  remov&le,  and  are  then  unfit  for 
further  use. 

Mr.  D.  A.  Wallaoe  gives  the  following  coeta  of  unloading  ties. 
Cost  of  train  service; 

Cost  ol  work  tisin,  tZSOO  per  day:  fDreman,  KO.M  per  mouth;  labor, 
}1.10  per  day. 

From  coal  can  while  running:  Train  serviee,  tl-«:  labor,  10.15  — total, 
tlM:  250  tiei  at  0.6  ct.  per  lie. 

Box  cars  while  runnin;:  Train  oerrlce,  t6.24;  tabor,  t5.3G  — total,  tll.^l 
970  tics  at  1.2  at.  ptr  tie. 

Nine  roal  car  work  traina  unloading  In  ei»)W  from  8: 15  ».  m.  lo  6;  IB  p.  m. 

The  coHt  of  unlosdinR  per  tie  waa:  Delayo,  D.4S  ct. ;  tmlcading  time,  0.29 
ct.;  running;  time.  0,S3  rt.;  total.  1.60  ct. 

Above  are  1910  Agattt. 
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SECTION  100 
TOOL  BOXES 

Contractor's  Tool  Cart  having  an  overall  length  of  10  ft.  5  in. 
with  42  in.  wheels  weighs  approximately  675  lb.  and  coata  t.  o,  b. 
New  York  870. 

Qai  Fitter's  Tool  Cart  with  42  in.  wheels  arranged  bo  that  a 
vise  may  be  mounted  on  it,  has  a  compartmeat  24  b;  48  by  14 
inches,  weighs  340  lb.  and  costs  $45  f.  o.  b.  New  York. 

Tool  Box  on  skids  shown  in  Fig.  323  is  easily  moved  by  one 
man  and  t«am,  and  ot  ample  capacity.  The  box  proper  is  made 
6V2  ft,  long  inside  by  3  ft  wide,  2^  ft.  high  in  front  and  4  ft. 
high  behind.  All  measurements  except  the  first  are  outside  di- 
mensions. The  small  box  increases  the  length  about  2  ft.  and 
is  2  ft.  high  on  the  low  side.  Tlie  runners  should  be  of  3x8 
in.  by  10  ft.  with  eye  bolts,  so  the  box  may  be  pulled  from  either 
end.  The  upright  posts  are  of  2  x  4  in.  pieces  and  extend  6  in. 
down  alongside  the  runner.  The  ones  at  the  rear  of  the  box  are 
brought  6  in.  above  the  top  to  support  the  lid  when  open.  The 
2x4  in.  pieces  on  which  the  floor  is  laid  are  let  into  the  runners 
at  least  an  inch  and  are  spaced  when  possible  so  the  uprights 
are  directly  against  them.  This  construction  makes  a  very 
strong  box  that  may  be  handled  very  roughly  without  damage. 
The  smaller  compartment  is  especially  convenient  for  nails,  oil 
cans,  and  small  tools. 

The  cost  of  the  materials  for  this  tool  box  is  abont  $15. 


Bg.  323.    Tool  Box 


SECTION  101 

TOW  BOATS 

Under  "  Barges  "  are  described  a  number  of  such  boats  wsed  on 
the  upper  MisBiaeippi  and  whose  cost,  life  and  cost  of  repairs  are 
deacribed.  I  herewith  append  a  list  of  tow  boats  used  on  this 
improvement. 

Tow  Boats.  There  are  three  sizes  of  tow  boats  used  which  are 
designated  as  large,  medium  and  small.  Of  the  boats  mentioned 
in  the  following  tables,  the  Coal  Bluff,  Fury,  Henry  Bogse  and 
Alert  are  in  the  first  class;  the  Ralh,  Mac,  and  Gr<u:e  in  the 
second;  and  the  Luoia,  Louise,  Elsie,  Bmily  and  Ada  in  tbe  third. 
The  EUie  wa^  built  with  a  steel  hull,  and  the  wooden  hull  of  tfie 
Louise  waa  changed  to  steel  in  1905. 

The  Fury  and  Henry  Bogee  ( formerly  tbe  Fiien.)  were  built 
under  contract  at  Dubuque,  Iowa,  Their  hulls  are  of  oak,  100 
ft.  X  19  ft.  6  in,  X  3  It.  10  in.;  cylinders,  10',A  in.  x  4  (t.;  one 
boiler,  22  ft.  X  42  in.,  with  ten  Bin  flues.  Both  of  these  boats 
have  been  rebuilt  with  somewhat  different  dimensions.  On  Decem- 
ber 31,  1910,  they  were  classed  as  fair,  which  means  that  ex- 
tenflive  repairs  were  needed. 

The  Alerl  was  bought  second-hand;  hull,  oak,  116x19x3  ft.; 
cylinders,  10  in.  x  5  ft.;  one  boiler,  16  ft.  x  43  in.;  rebuilt  in 
1881  ajid  partially  rebuilt  several  times.  Deeember  31,  1910,  In 
bad  condition. 

The  Cool  Bluff  was  bought  second-hand,  3  years  old;  hull, 
oak,  120  ft.  X  22  ft.  x  4  ft.  6  in.;  cylinders,  15  in.  x  5  ft;  three 
boilers,  25  ft.  x  30  in.;  hull  twke  rebuilt  and  also  very  large 
repairs;   condition,   bad. 

The  Mac  was  bought  nearly  new;  oak  hull,  73x16x3  ft; 
cylinders,  7  in.  x  3  ft  2  in.;  one  boiler,  14  ft  x  36  in.;  hull 
has  never  been  entirely  rebuilt,  although  large  repairs  were  made 
in   1894,  1902  and  1910;   condition,  good. 

The  Ruth  was  built  by  the  United  States;  hul),  oak,  75  ft. 
x'l7  ft  X  3  ft  3  in.;  cylinders,  7  in.  x  4  ft;  two  boilers,  10  ft 
X  30  in.;  hull  has  not  been  entirely  rebuilt,  but  received  large 
r^Hurs  in  1901  and   1909;   ctMidition,  good. 

The  Orace  waa  built  by  the  United  States;   hull,  oak,  T9x  17 

ft.;  cyllndera,  7  ft  6  in.  x  4  ft  1  in.;  two  boilers,  10  ft  x  30  in.; 
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hull  has  not  been  rebuilt  c 
8«od, 


received  large  repairs;   condition, 


Small  Tow-Boatt.  The  Ijiwia  was  built  by  the  United  'Statee 
At  Keokuk;  hull,  oeM,  68  ft.  s  12  ft.  8  in.  x  3  ft.;  cylinders,  6 
in.  X  2  ft.  6  in.;  boiler,  10  ft.  x  38  in.  She  hH.d  large  repairs  in 
1892  and  1904,  and  her  hull  was  rebuilt  in  18B5  and  1909-1910; 
condition,  December  31,  1910,  good. 

The  Louise  was  built  by  the  United  States  a.t  Keokuk;  hull, 
oak,  61x12x3  ft.;  cjltndera,  6  in.  x  2  ft.  6  in.;  boiler,  10  ft, 
X  34  in.;  hull  rebuilt  in  1894;  ateel  hull  in  190S;  moderate 
repairs  each  year;    condition,   good. 

The  £Jate  has  a  steel  hull  and  was  built  by  contract  at 
Jefferson,  Ind.;  hull,  87xI3  5t3  ft;  cylinders,  0  in.  x  2  ft.  6  in. 
boiler,  10  ft.  x  34  in.  The  Blgie  appears  to  have  coat  ae  much 
money  as  the  wooden  hull  Ada  for  the  same  period  of  time. 

The  Emily  was  built  by  the  United  States  at  Keokuk.-,  hull, 
oak,  e?  I  12x  3  ft,;  eylindera,  0  in.  x  2  ft,  4  in.;  boiler  10  ft,  x 
34  in.;  condition,  good;  new  hulls  in   19Q2  and  1909-1910. 

The  Ada  was  built  by  the  United  States  at  Keokuk;  hull,  oak, 
68x11x3  ft.;  cylinders,  6  in.  x  2  ft  0  in.;  boiler,  10  ft.  x  34  in.; 
condition,  good;  hull  rebuilt  1903-1904. 

These  small  tow  boats  are  of  great  value  with  light  towg  In 
working   around   the   dams. 


Tow-BOATS  (Small) 
Lucia,       Louigt,         Elsie, 


Emilv,        iii^ 


Original  cost  .... 
Repain  (o  Biid  ii 
eludlDB     

Repairs    

Repairs    

Kepaira    

nlpaiS  ■,*■,■,■,■,',■,■,; 

Repai™     

nlpal™  '.V.V.'.'"^ 

Repair!  

Bepaira  

Repain 

Repairs  

Bopairs  

Repairs  

b«pbI«  !:;:;■,■,!;; 

■  New  hull  built 


I    t  3.53S.IXI    t  5,U0,90    | 
i  761,25  194.S9 


>  142.25 
1  7B.64 

Kr,7S 

\          156,02  323,20 

I           75.07  31B,21 

I      tl.0S6.2O  259,12 

M.51  )2,B»1,17 

1           B0,5S  328,60 

r          453,22  268.42 

I         lgS,6ff  212  ,ei 

>  1,107 .14  62,47 

1    *3.o4i,:s  m.is 

tl5.4»,15  116,033,48 

r^e  repaln.  t  New  hi 


4,034,00    t 
175,28 


■faVii 

IS.flS      •2,908,71 


12.10  1,045,64 

03,66  1,583.06 

05,28  50.60 

82,49  136.76 


1,160,08 
112,560,27 
.11  built,  at 


•3,123,56 
)14,47«,61    ) 
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All  of  these  boats,  except  the  Elaie,  had  wooden  ^-hulls  when 
built.  The  Elsie's  hull  is  steel  and  the  Louise  has  als«  a  steel 
hull  since  1905.  The  Elsif,  EmUy  and  Ada  were  built  id  the 
same  year,  and  the. cost  of  the  two  latter  comparee  favorably  with 
the  former. 


A  make  of  traction  steam  engine  mounted  on  wheels,  similar 
to  the  one  ahown  in  Fig.  324,  ia  priced  as  follows: 

Rated  Miles  ApproximBle  Pric« 


000 

12,000 

30 

16 

000 

f^ 

37 

32 

600 

1.000 

Fig.  324.    Traction  Engine. 

Extras  for  the  above  are  as  follows: 

CoQlraolorB'  fuel  bunkers  for  fnginea  in  the  field  . 

Jacket  for  30  to  BO  hn,  inclueive  

Straw  burnine  Bttachment  for  40  to  SO  hp.  inclusiT 

Canopy  top  for  30  to  80  h p.  ineluBive  

Cab  for  110  hp 
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Cost  Data  on  HknUng  Stone  with  Tntotlon  Engine.  The 
following  is  trwn  an  article  by  Mr.  J.  F.  Hammond  in  fingt- 
neering  oMd  Contracting,  March  27.   1912.      " 

In  road  work  in  York  County,  Pa.,  a  22  hp.  eteam  traction 
engine  was  used  with  stone  spreading  cara.  The  wages  paid  to 
the  engine  crew  was;  Engineer,  $3.50  per  day;  fireman,  $1.75  per 
day,  steady  time  for  ten  hours  daily;  overtirne  at  same  hourly 
rate.  The  tl reman  operated  the  stone  spreading  cars,  making 
the  spread  of  even  thickness,  which  requires  considerable  ex- 
perience and  should  be  elosely  watched  by  the  overseer  ae  the 
tendency  is  to  spread  too  deeply,  and  superfluous  stone  would 
have  to  be  removed  at  an  extra  expense.  Supervision  in  our 
case  was  figured  at  one-third  of  the  superintendent's  time,  or 
$2.28  per  day  with  no  extra  time  allowance.  Interest  and  de- 
preciation are  figured  on  the  new  value  of  the  machinery — $5,050 
on  June  1,  1900,  and  on  an  estimated  life  of  four  years,  or  25% 
depreciation  per  year,  with  an  interest  charge  on  the  capital  in- 
vested of  5%.  The  sum  of  the  interest  and  depreciation,  how. 
ever,  are  figured  for  the  whole  year  and  divided  into  the  days 
that  we  actually  worked.  This  is  hardly  fair  to  the  machine,  ae 
it  might  have  done  more  days'  work  and  tlius  reduced  this  item. 
The  li/e  of  the  machine  is  also  very  conservative,  and  probably 
should  be  eight  to  twelve  years  instead  of  four  years. 

Total  Cost  of  Operation  —  03  days. 

Operatini;    t   M5.67 

Deiireriation  and  inUrsM   fiW.lE 

8upervi«ion    239.40 

ToWl    '. t2,lSl,M 

Analysis  of  Operating  Account. 

4.70  lona  Msl  at  K60  %     21.16 

3.4B  Willi  OMl  ■(  16  17.46 

B1S.4  lona  coal  at  (S.M  , 297,77 

Water    «.Z7 

AT  gal.  cylinder  oil  at  SO  ct 20.10 

30S  g«l.  block  oil  »t  $%  ct 2,94 

S33»  lb.  ire»«e  at  5«  ct IS.77 

711b.  of  wmW  at  71i  ct B,M 

Engloeer'a  wage*  on  operation  330,41 

Fireman's  wagea  on  operation   1G4,R3 

3U  gal,  kerosene  at  10  ct jr< 


Daily  Expense. 

SuperriBion  wa|^«  t  2.1i 
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CvUnda 
Blaclc  < 


llaclc  oil  <K«sri 
Tar     .""..!'.!!!! 


Total    

Tonnage  Hauled. 
August  1,  1910  ... 


Total    toiu    

Cost  Per  Ton  Hauled. 

S46.ST 

Operatkm  . . 

4.66« 
810.17 


Depreciation 
Interest 


Qai  and  Oil  Tractor*.     Tbe  following  are  the  prices  of  this  type 

of  tractor  (Fig.  325) ; 

Speed  Ptiee 

Hp.                          Fuel                           mile*  per  hr.  I.  o.  b.  Wta. 

»-lg  KSBoliTie                            214  to  3H  tl.200 

lO-Zft  Eeroerne                                 2'i  1.000 

15-n  gsealine                            1^  to  !>4  I.TOO 

20-40  ni    Slid  oil                       2  t«  3  2.600 

SO-eO  EBB    and  oil                          2  2,700 

Another  make  of  gasoline  or  kerosene  tra^^tor  may  be  had  with 
either  wheel  or  multi- pedal  traction.  A  machine  of  this  type 
rated  at  15  to  30  hp.,  hsw  a  draw  bar  pull  of  abo<it  15  hp.  The 
speeds  are  from  1  %  to  3^  miles  per  hr.,  the  weight  ia  about  4,750 
lb.,  and  the  coat  is  S2,250. 

A  kerosene  tractor,  rated  10-20,  adapted  to  agricultural  work, 
weighs  approximately  3,800  lb.,  and  costa  $98B  f.  o.  b.  Ohio.     It 
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lifts  a  rood  speed  of  2^  mileB  per  br.,  and  ia  fitted  for  belt  drive  as 
a  portaule  engine. 
A  gasoline  tractor  of  the  wheel  type  is  made  with  two  sizefl  of 


Fig.  325.    Gasoline  Tractor. 

engines.     The  4^4  bj  5"^  costs  $1,850,  the  4^4  by  6  costs  $2,000. 
This  machine  weighs  about  4.500  lb. 

Caterpillar   Tractors.     A   make  of   gasoline-driven    caterpillar 
tractors  costs  as  follows: 


Fig.  326.    CaterpilUr  Tractor.    ,-,         , 
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Site  DiBw  bar  Approiimatc              Speed                      Price 

in  long  pulUnlb.  weight  ia  lb.  m ilea  per  hr.  r.  o.  b.  lU. 

Q                   3,100  8,400                   1.5  to  S.T                   R850 

10                   6,000  18,000                   1.7  M  1.8                     5,W0 

Canvas  tops  for  the  above  cost  from  $50  to  $125.  Electric 
lighting  outfits  cost  S150.  Power  pulley  attachments  cost  from 
«150  to  $200. 

A  tractor  similar  to  the  above,  having  a  rated  power  capacity 
of  120  brake  hp.  and  70  drawbar  hp.,  is  21  ft.  long,  has  a  width 
of  8  ft.  8  ill.  with  standard  24  inch  tracks,  weight  26,500  lb.  with 
standard  30  inch  tracks  the  width  is  9  ft.  8  in.,  weight  27,000  lb. 
This  tractor  costs  approximately  $7,000. 

A  20-ton  tractor  of  the  above  type  was  used  in  snow  removal 
work  in  Michigan  during  the  winter  of  1919-1920. 

The  following  statement  from'  a  bulletin  of  the  State  Highway 
Department  shows  the  operating  casta  for  a  2. weeks'  period  for 
one  of  those  tractors,  used  in  pulling  snow  roller  add  plow: 

OsBoline,  175  gal.  at  2S  CI I  43.76 

LubriMting  oil,  S6  qt.  at  17  ct 8.12 

Granw,  3  ft,  at  12  ct 36 

ALiohol,  20  gal.  at  00  ct.  18.00 

t  68.23 
Labor,  52  daya  at  tt.OO  20S.00 

Total «i«.23 

Number  of  milee  of  road  opened,  65.2. 
Unit  coat  per  mile  of  road.  t5.0O4. 

The  above  costs  do  not  include  fixed  charges.  There  were  do 
repairs  or  rffliewals  during  this  pef-iod. 

The  Sasoline  Traction  Engine  Compared  to  the  HorBe.  Mr. 
L.  W.  Ellis  read  a  paper  at  the  annual  meeting  of  the  Gas  and 
Gasoline  Association  at  Cincinnati,  Ohio,  June  16,  1910,  from 
which  I  have  made  the  following  abstract : 

Prc^rly  handled,  working  about  six  hours  a  day,  well  and 
carefully  fed,  a  horse  may  have  a  working  life  of  ten  years  of 
1,000  hours  each.  Where  used  on  street  car  systems,  his  life  of 
usefulness  is  from  two  to  four  years.  The  average  farm  horse 
will  do  well  to  develop  500  hp,  hours  per  year  or  5,000  in  ten 
years.  A  tractor,  carefully  loirfsed  after,  would  probably  double 
this  for  each  rated  hp. 

About  20%  of  the  horse's  weight  may  be  taken  as  his  maximum 
sustained  draft,  and  six  to  eight  miles  per  hour  his  maximum 
sustained  speed  for  anything  more  than  an  hour  or  so  per  day. 
The  draft  horse  ordinarily  givee  the  largest  volume  of  work  per 
day  at  about  one-half  his  maximum  toad,  and  one-third  bis  maxi- 


TRACTORS  Tr.;-. 

One  reason  for  the  great  flexihiiity  of  the  horae  is  the  fact  that 
he  works  most  economically  at  about  1  lb,  of  draft  for  10  lb. 
of  weight,  or  from  60  to  20%  of  the  rate  he  L-an  exert  in  a 
pinch.  In  the  motor  couteats  at  Winnipeg  last  year  the  gaa 
tractors  exerted  1  lb.  of  draft  for  4^  lb.  of  weight  on  a  good 
sod  footing,  and  for  6  lb.  of  weight  on  a  soft  dirt  and  gravel 
course.  The  average  horse  develops  one  useful  horsepower  for 
1,500  Ih.  of  weight.  Nine  of  theae  trsftors,  which  completed  all 
the  teste,  developed  1  brake  hp.  for  485  lb.  of  weight,  and  under 
both  good  and  bad  footing  1  tractive  hp.  for  922  lb.  of  weight. 

The  horse  needs  a  drink  and  food  after  every  seven  to  eight 
miles  of  plowing,  but  of  course  can  be  forced  to  go  a  greater 
distance.  Some  of  the  best  known  gas  tractors  could  go  from  10 
to  15  miles  under  full  load  if  it  were  possible  entirely  to  empty 
the  fuel  and  water  tanks  without  stopping.  Actually  they  need 
water  about  as  often  as  the  horae.  Others  of  dtlTerent  type  could 
go  for  15  to  20  miles  without  fuel  and  several  times  that  without 
water,  with  their  present  tank  capacity.  A  better  tialance  in  this 
reepect  would  render  the  tractors  more  convenient,  and  undoubt- 
edly some  weight  would  be  eliminated  in  so  doing.  A  steam  plow- 
ing engine  does  well  to  travel  two  miles  on  the  water  taken  in 
during  15  mins.  Probably  95^e  of  the  weight  may  be  put  into 
metal,  2^%  into  the  cooling  water  and  -i^fo  into  fuel.  The  lat- 
ter nay  be  increased,  easily  in  tractors  designed  'for  use  in  dry 
stretches. 

The  gas  tractor  cannot  compote  with  the  horse  as  a  hauling 
proposition  on  heavy  grades.  The  elimination  of  steep  grades, 
which  a  horse  may  surmount  by  the  expenditure  of  greatly  in- 
creased energy,  but  which  exhaust  the  overload  capacity  of 
tractors,  will  meas  not  only  an  increased  use  of  mechanical 
motors  for  hauling  purposes,  but  an  excellent  field  for  traction 
machinery  in  the  building  and  maintenance  of  good  roads. 

One  man  in  the  field  may  handle  four  to  six  horses,  developing 
from  2^  to  i'A  hp.  Two  men  on  a  gas  tractor  will  handle  an 
outfit  doing  from  10  to  20  times  the  work.  To  care  for  a  traction 
engine  doing  the  work  of  25  horses  requires  approximately  the 
same  time  in  the  course  of  a  year  as  to  care  for  one  horse. 

Cost  of  Hauling  with  Team  and  Traotor  Ontflt.  The  folloiwing 
appeared  in   Engineering  and  Cimtrarting: 

In  connection  with  the  construction  of  an  experimental  road  in 
1912  in  Sargent  Township,  Douglas  County,  Illinois,  by  the  Illinois 
Highway  Commission,  a  traction  engine  outRt  was  used  for  haul- 
ing and  placing  part  of  the  stone.  The  road  was  surfaced  with 
watcrbound  macadam  for  a  length  of  16,800  ft.,  a  width  of  10 
ft.  wide  and  a  depth  of  8  in.,  the  haul  for  the  stone  being  an 
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average  of  3  miles.  The  rates  of  pay  were:  Men,  20  ct.  per  hour; 
teams,  40  ct.  per  hour.  The  following  data  on  the  cost  of  hauling 
on  tliiH  work  are  abatraeted  from  the  recently  issued  report  of 


Cubic  fardi  slooe  banled  by  engine  2,590 

Cubic  fHTds  Btone  bsuled  by  team  ...'. 3,980 

Dava  outfit  wu  on  job  120 

DayB  outfit  hauled  Uraction  counted  as  fuU) 40 

Coat  to  lUinoii  Highway  CommisslDn  of  engine  operator 

(BAlsry  and  mpeaien,  straight  (inie)   BW.OO 

Ooetot  flreman  (actual  lime  worked) W.aO 

Coal,  oil  and  euppUes  tor  ontBC  1SL81 

Coat  of  maintenance  ot  hauling  outflt  <onc-halI  eeaaon).       ES.OO 

Total  cost  ot  traction  outfit  work W41.01 

Total  ™t  per  cu.  yd._ (or  hauling t    0.247 


Coet  ot  haulinj 
Dotalled  coat  of  ei 


_.   _i,  yd.  tor 

length  haul)  . 

iliog  by  engine,  i 


eu.  yd. 

.    t    0.M2 


Maintenance    007 

Total t    O.D82 


c.  Google 


SECTION  103 
TBAHEBS 

A  amall  trailer,  designed  and  equipped  for  use  b^ind  an  auto- 
mobile or  light  truck,  is  furnislied  with  a  spring  draw  bar,  and 
special  hitches  for  each  make  of  car. 

No.  1  trailer  has  two  wheels,  a  body  78  by  38  inches,  8  in. 
panel,  5  in.  flare  board,  and  drop  end  gate  with  chains.  It  weighs 
300  lb.,  has  a  capacity  of  800  lb„  and  is  priced  at  $97.50. 

No.  2  trailer  is  similar  to  No.  1  except  that  it  has  no  legs.  It 
weighs  200  lb.,  has  a  capacity  of  800  lb.,  and  is  priced  at  $ST.60. 

No.  3  trailer  has  four  wheels,  a  body  dd  by  38  in.,  10  in.  panel, 
6  In.  flare  board  and  drop  end  gate  with  chains.  It  weighs  50O 
lb.,  has  a  capacity  of  1,250  lb.,  and  costs  SlT5. 

No.  4  trailer  has  four  wheels,  a  body  96  by  42  in.,  12  in.  lower 
panel,  4  in.  upper  panel,  sides  and  end  removable,  a  carrying 
capacity  of  1,500  lb,,  weighs  57S  lb.,  and  costs  $188.50. 

All  the  above  trailers  have  1^  inch  solid  rubber  tires.  Prices 
are  f.  o.  b.  Ohio. 

Kererslble  Hauling  and  Spreading  Slow  Speed  Trailers  for  use 
with  tractors  ate  as  follows; 

Slow  Speed  Keyerslble  Haallne  Trailers  with  stationary  plat- 
form 11  ft.  10  in.  long  by  8  ft.  wide: 

S  inch  titas.  Bteel  wh^clH,  weight  33ru  lb.,  roller  benringa  ....  (GIO 
10  iDch  tiree,  >lseL  wheels,  weight  M60  lb.,  roller  beariasa  ....    e3S 

Extension  Trailers  similar  to  above  with  platform  12  ft.  long 
5  ft.  wide  which  can  be  extended  to  IS  ft.  long: 

S  inch  tiree,  weight  3910  lb 1635 

10  inch  lirei,  weight  4120  lb 862 

Log  Trailer  with  12  to  18  ft.  wheel  base: 

3  inch  tires,  weight  3170  lb 1860 

10  inch  tires,  weight  MBO  lb 88S 

Hanling  Trailers,  bottom  dump,  capacity  3  cu.  yd.  level,  Shi 
yd.  rounded  load: 

S  inoh  lireg,  weight  tm  lb 1625 

10  inch  tires,  weight  4230  lb SM 

767 
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Spreading  TrEtilert,  bottom  dump,  similar  to  tbe  above: 

8  inch  tires,  wpight  4125  1b W 

10  inch  tires,  weight  «30  lb « 


AH  the  above  trailers  have  a  capacity  of  10,000  lb.  and  piires 

are  f.  o.  b.  Ohio. 

Trailers  of  one  make,  f.  o.  b.  (Thicago,  are  as  followa: 
Eevenible  Trailers  with  solid  rubber  tires,  including  draw  bar 

and  truck  bocJt. 

Capecity       Cbusis  Chusia  Chasslg  Brakes       Pcrtt.pitra 


Drop  Frame  Severslble  Trailer. 


with  dump  bodj 

tisis 


6  lli  HOO  1875  2E00 

Boad  Builder.  A  four  wheel  non-reversible  trailer  equipped 
with  aji  automatic  end  dump  body.  Dump  body  is  removable  and 
can  be  replaced  by  Hat  bed  for  hauling  culvert  pipe,  lumber,  sup- 
plies and  tools.  Extra  draw  bar  fitted  to  receive  wagon  tongue  in 
ofder  that  trailer  can  be  pulled  by  horses  when  required.  This 
may  also  be  used  as  a  semi-trailer. 

Capacity  Weirtt  Seml-traiUr  Complete 

tona    cu.  ]id.  in  lb.  chauis  &  dump  body       road  builder 


Semi-Trailer.  Single  drop  frame  type  has  a  low  frame  lees 
than  2-1  inches  from  the  ground.  Double  drop'frame  type  has  i 
frame  equally  low  in  center  section  only.  Prices  include  a  spring 
actuated  rocking  fifth  wheel. 


Pole  Trailer. 

OapicLty                      Weight                         Staadard                      Wide- 
In  tons  in  lb.  cOMtrutlion  " 


TSS"' 


Fig.  327.    Semi-Trailer. 

A  trailer  designed  to  automat) cally  dump  and  return,  for  gen- 
eral construction  work,  la  made  bo  that  it  may  be  nsed  as  a 
truck,  to  collect  material  and  then  coupled  with  one  or  more  ad- 


ditional trailers  to  be  hauled  b;  a  traction  engine.    It  has 
following  BpeciHcationB    (Fig.  323); 

Capacity-weight  6,000  lb.,  cu.  yd.  4. 

Roller  bearinga. 

Artillery  wooden  wheelB. 

Rubber  tiree,  solid,  36  by  6. 

Weight  of  chaBsiB  3,530  lb.  [,.,,-tci  Gooqlc 
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Weight  of  body  1, 000  lb. 

Total  weight  5,430  lb. 

Price  *2,300  t.  o.  b.  New  York. 

A  trailer  chaaaig  made  in  three  Bizes  has  the  following  specifi- 

CipBcitT  Body                      WeicU 

hie  load  allowanee  otcliusis  Price 

3%  to  6  tons  UOO  lb.  4083  lb.  tl92G 

Z      to  3  ton*  1300  lb.  2S6S  lb.  1300 

m  lo  1  ton  GW  lb.  use  lb.  816 

The  above  prices  are  for  the  chassis  only.  A  number  of  dump 
and  other  type  bodies  are  to  be  had  for  these  trailers. 

A  3  yd.  steel  bottom  dump  body  costs  $590.  A  2^  yd.  body 
costs  $515. 

Coraparison  of  Cost  of  Operating  Xotor  Track)  and  Trallert. 
The  following  costs,  given  by  a  raaiiufacturer  of  trailers,  are 
estimated  and  are  stated  to  be  conservative. 

Cost  of  Opehatinq  a  5-Ton  Tbuck 

Aversra  CMt  of  i  ton  cbauis  15,000.00 

Rear  dump  body  and  hoinC  825.00 

Inleremt  on  invMtmenl,  6* 337.S0 

InaarHiice,  IJBbilily,  fire,  calliaion,  proi-ertr  damace  S35JI0 

Drlrer's  ulary,  at  t5  per  day,  300  days  1,500.00 

Garage    180.00 

Liconae    25.00 

Pimd  cbargta  per  year  t^Sar.GO 

Fixed  charges  pet  day  (30D  day  year)  T,7tt 

Variable  cbBrgee  Per  mils 

QasolinV.'Vmil™' per'iiL'Bt' 27' eOTt«'!.\\'!.\".\V .',".'."!.'.'  .0875 

Repaira,    malnienance    and    overbaaling    every    IBO.OOO 

milea  for  t500  .0330 

Depretiation    .0328 

Variable  charge  per  mile  »  .2150 

Applying  this  expense  against  the  total  daily  capacity  of  the 
truck,  we  wilt  take  for  example  a  6-mile  haul.  It  is  safe  to 
assume  that  the  truck  will  make  at  least  6  trips  per  day  of  5  miles 
each  way,  or  10  miles  round  trip,  making  a  total  distance  of 
fifty  miles.  This  is  the  lowest  minimum  capacity,  and  the  truck 
should  have  no  difljculty  in  making  this  as  a  yearly  average. 

The  flxed  charge  per  day  is  $7.79.  The  variable  charge  is  .215 
per  mile  or  for  50  miles  $10.75,  which  makes  a  total  charge  for 
the  day,  including  the  fixed  charge,  $18.64.  Five  tons  per  trip 
would  make  26  tons  hauled  a  distance  of  5  miles  during  the  day, 
or  125  ton-miles  at  a  cost  of  .148  per  ton-mile  or  .74  per  ton  for 
hauling  it  5  miles. 
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Cost  of  OPEBAiraa  a  5-Ton  Tbailbb 

Ooet  of  B  ton  trsiler  »1,92SM 

3  yd.  &t«et  bottom  dump  body  .-...,..- GtHl^OO 

InWrest  on  iavratment  at  6%  150M 

Helnor,  tS.llO  pw  dsy.  sno  dnja WM 

Insnranca,  Bre  and  liability  Pl.OO 

PiKBd  rhargpii  per  yrn 1,810.99 

Fixed  cbargea  per  dsT  (300  day  y«Bt>  4.0T 


IIK^  addilional  faaoline  lor  truck  .0067 

Bfnaira  and  niBiDlenince,  flOl)  p«r  yrar 0D66 

DeprrciatiOQ -flOBS 

Variabla  chai^  per  miia  t     .OSSS 

Combitting  the  operating  cost  of  the  truck  at  $lfi.54  with  the 
total  coBt  of  the  trailer  at  $8  28  would  make  a  total  operating 
cost  of  S2G.80  instead  of  £18.54  for  the  truck  alone,  or  about 
207c  additional  for  the  trailer.  With  the  2%  increase  in  operat- 
ing coat,  the  eflieiency  of  the  entire  unit  would  be  increased  100%, 
for  the  truck  would  not  have  any  difficulty  in  making  the  same 
number  of  trips  with  the  double  load  or  10  loiiii.  conse^juently  50 
tons  could  be  hauled  per  day  a  dintanee  of  5  miles,  with  a  total 
cost  of  $26.80  or  .1070  per  ton  mile,  as  against  .148  with  truck 
alone,  or  .53C  per  ton  an  against  .74  by  truck,  or  a  total  saviog  for 
hauling  50  tona  of  $10.12. 

Trailers  of  another  make  cost  aa  follows: 

Bottom  Sump  Trailers   (reversible)   with  steel  wheels. 

CspMitf  Weight  Pries 


Spreading;  Trallera   (reversible)   with  steel  wheels. 


4  cu.  ;d.  3850  S9S 

XogglnK  Trailer.  Rated  at  5  tons,  reveraible,  with  four  wheels 
turning  at  the  same  time  weighn  approximately  3.4.>0  lb.,  and 
mats  with  6  in.  i^t^^l  wheels  $575,  and  with  8  in.  wheels  $600. 
This  trailer  can  be  furnished  ort  order  for  10  ton  capacity  at  aJi 
extra  coat  of  $150. 

One  Way  Dump  Trailer  coate  $350.'  It  weighs  approximately 
2,400  lb. 

Traetor  bildi  on  alow  moviDg  trailers  tlB 
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Cmshed  Stone  Spreader,  with  rubber  tires: 

IM  yd.  Mjaoity  t  87S 

2tt  yd.  opMity   146g 

aji  yd.  opmity  1600 

Tbaileb  CHAsaiB 

4  steel  wheels 

Capacity  Weifht 

3  Mn  2T60 

G  ton  3S4D 

Semi-Trailer  diuaii,  two  wheel  type  with  rubber  tires,  are  tnai 
in  three  sizes ;  2  ton  $450,  4  ton  $725,  and  8  ton  3800. 

Bottom  Dump  Seml-Traller  with  two  wooden  wheels  are  mai 
in  two  sizes.    The  2  yd.  capacity  costs  8250,  the  3  yd.  $300. 

Trailer  Bodies 


tlI2G 


ipresB   wilh  flare 

SECTION  104 


A  low  priced  aod  yet  reliable  transit,  known  as  a 'builder's 
transit,  weighs  6  lb.,  and  costs  $105 

Surveyor's  transits  with  a  5  in,  needle  weigh  Ifl^  lb.,  and  cost 
$2S0. 

An  engineer's  transit  with  an  11^  inch  telescope,  weight  with 
tripod  about  24  lb.,  price  in  box  $250.  Same  with  stadia  circle, 
$265. 

A  preliminary  survey  transit  with  an  8  inch  telescope,  weight 
with  tripod  about  16  lb.,  price  complete  $130.  Patent  extension 
tripod  $7  60  extra. 

A  stadia  hand  transit  with  10  inch  telescope,  weight  in  case 
2%  lb.,  price  «40.    With'  micrometer  leveling  attachment  $3.50 

A  pocket  transit  of  aluminum  costs  $25, 


..Cooglu 


SECTION  105 
TB£NCHINa  UACHIHES 

The  term  Trench  Machine  comprisea  machiDes  of  many  varied 
types,  Huch  as  cablewaya  od  which  are  operated  buckets,  steam 
shovels  with  booms  and  buckets  especially  designed,  and  elevator 
bucket  machines. 

A.  Cableway  can  be  used  to  advantage  on  trenches  S  feet  and 
wider  The  main  cable  is  stretched  on  towers  30  feet. high  and 
three  to  four  hundred  feet  apart  One  tub  of  one  cubic  yard 
capacity  is  handled  at  a  time  and  can  be  loaded  at  any  point 
and  swung  as  much  aa  10  feet  to  one  side.  The  cable  machine 
is  advantageous  in  aoft  digging  or  on  rock  as  no  part  qt  the 
machine  is  carried  by  the  side  banks  The  epgine  and  one  tower 
stand  on  a  car  which  runs  on  tee  rails;  the  other  tower  stands 
on  the  ground  and  must  be  lowered  and  carried  to  a  new  posi- 
tion. The  outiit  can  be  loaded  on  one  car  and  weighs  about  19 
tons;  price  of  cableway  from  250  to  400  ft  is  from  $5.S0O  to 
93,000.  According  to  the  manufacturer,  from  15  to  20  trips  may 
be  made  per  hr.  under  ordinary  conditions.  General  repairs  are 
such  aa  are  necessary  on  any  contractor's  hoisting  engine  in 
constant  use,  together  with  the  replacing  of  worn  out  steel  ropes 
and  running  parts,  which  are  comparatively  small  items,  as  there 
are  no  parts  subject  to  frequent  breakages  as  in  the  case  of  ste»m 
shovels  and  ditch  digging  machines 

These  cableways  are  usually  driven  by  an  6%  by  10  double 
cylinder  engine  capable  of  lifting  5,000  lb.  They  raise  the  buckets 
at  a.  speed  of  ahout  225  ft.  per  min.  and  transport  them  at  a 
speed  of  from  500  to  6U0  ft.  per  min 

Mr.  James  Pilkington.  of  New  York,  saya  that  be  has  taken  the 
machine  down,  moved  2S0  ft.  and  put  it  up  again  in  three  hours 
and  fifty  minutes. 

A  self -propel  ling  machine  for  excavating  small  trenches  and 
which  digs  by  means  of  scrapers  and  buckets  fastened  at  the 
rim  of  a  revolving  wheel  is  said  by  the  manufacturer  to  be  able 
to  eiicavate  in  any  ground  that  can  be  loosened  with  a  pick. 
The  machine  will  cut  through  a  log  or  timher,  but  if  it  strikes 
773 


774         HAKDBOOK  OF  CONSTRUCTION  EQUIPMENT 

»  large  boulder  the  wheel  must  be  raised  out  of  the  trench  until 
the  obstruction  ia  passed. 

These  machinee  are  operated  by  gasoline  engines  and  coat  as 
follows: 

Max.  Uai.  Outliag  ipeed  Apnrox, 

Hp.           deptb  width            ft.  peimin.  weicht  Price 

SO             GH'  1*W              2M  to  9  13,500  )2,70O 

35            W  IB-               1     to  e<A  17,600  «,a» 

SO          ni'  IS*            :    to  6^  !»,«»  t.-m 

40  «H'  14~  1\  to  e  20,000  8,100 

Coit  of  TrenoliliiK  In  Shale  with  Wheel  Type  ExoavatoT.  The 
following  appeared  in  Engineering  Kews-Record  Feb.  14,  1918. 
Four  miles  of  8-  and  12-in.  water-main  trenches  in  wooded  or 
frozen  ground  and  with  shale  at  the  bottom  were  completed  with 
a  machine  h;  the  Water  Department  of  Erie,  Penh.,  between  Feb. 
1  and  Oct.  6,  1917,  at  a  cost  far  below  that  of  hand  work,  even  in 
1916.  Tliough  at  the  speed  developed  hj  the  machine,  3  to  3^ 
ft.  per  minute  on  S^-  and  6-ft.  dc<>p  trenches,  this  represents  less 
than  two  weeks'  steady  work,  the  difference  in  the  amount  paid  for 
hand  labor  per  foot  in  1918  and  in  the  cost  per  foot  of  all  labor 
and  fuel  required  with  the  machine  represents  more  than  half  the 
first  cost  of  the  tool  saved  on  the  four  miles  already  completed. 
The  saving  is  still  greater,  if  the  advance  in  w^es  since  1916 
is  considered,  but  in  spite  of  it  the  increased  labor  cost  of  laying 
pipe  and  backRIUng  wil!  make  this  year's  work  somewhat  more 
expensive  per  foot  than  that  done  in  ISl.'i  or  last  year.  Neverthe- 
less, it  is  doubtful  if  the  extensions  built  in  1917,  representing 
more  work  than  was  done  in  either  of  the  preceding  years,  could 
have  been  completed  without  the  machine  because  of  the  scarcity 
of  labor. 

The  trenching  machine,  bought  early  this  year  for  $5,650  f.  a.  b. 
Erie,  is  of  the  wheel  type.  The  buckets  are  adjustable  for  cutting 
24  to  28  in.  wide  and  trenches  7%  to  11  ft.  deep  can  be  dug.  The 
machine  is  driven  by  a  four-cylinder,  four-cycle,  45-hp ,  gasoline 
engine.  Ordinarily,  one  operator  and  one  helper  run  it  without 
other  assistance  under  the  supervision  of  the  foreman  who  looks 
after  the  rest  of  the  work  The  trenches  cut  are  2  ft.  in  width 
and  from  5^^  to  6  ft.  in  depth.  Clay  2  to  4  ft.  deep,  underlain 
by  the  shale  shown  in  the  photograph,  is  encountered  on  nearly 
all  the  work,  though  one  trench  has  been  dug  in  running  gravel. 
Conditions  are  such  that  tbe  machine  cuts  full  length  for  the  ex- 
tension to  be  Isid  in  a  continuous  operation,  most  of  the  trenches 
being  less  than  2.000  ft  long.  The  pipe  gang  of  seven  men  lays 
the  new  main  behind  it  at  the  rBt«  of  a  block,  or  600  ft,  a  day. 
As  the  water  mains  arc  always  extended   in  advance  of  paving. 
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operations  are  completed  b;  backfilling  the  trench  with  a  team  and 
Bcraper.  In  thU  manner  1^  mileu  of  12-m.  and  2^  miles  of  6-in. 
pipe  were  laid  between  Feb.   1   and  Ort.  6   last. 

During  11)13,  considered  an  ordinary  ^ear,  the  cit;  laid  25,000 
ft.  of  6'  and  12'in.  mainn  in  hand  excavated  trenches  at  a  labor 
cost  for  digging,  laying  and  baclcfilling  of  2S.Sc  a,  foot  for  the 
smaller  and  SO.OSc.  a  foot  for  tbe  larger  nize  Much  more  pipe  waa 
laid  in  1916  and  this  year  because  of  the  rapid  growth  of  the  city. 
While  complete  unit  costa  fur  the  last  year's  vork  have  not  yet 
been  compiled,  it  is  known  that  rising  wages  caused  considerable 
increase  over  those  of  1913,  Records  for  10,000  ft.  of  Sin,  maio 
laid  at  one  time  laxt  year  show  a  tot«l  labor  cost  of  37.1c.  per 
foot  of  which  digging  alone  represented  19c.  with  common  labor 
2Tli^c  an  hour.  The  trench  wati  in  clay,  with  shale  at  the  bottom. 
As  compared  with  this,  the  first  performance  with  the  trenching 
machine,  excavating  for  IS20  ft.  of  lice,  was  accomplished  at  a 
fuel  and  labor  cost  of  $132.84,  oY  8.2c.  per  foot  for  actual  digging. 
This  was  in  gravel  which  required  sheeting,  the  cost  of  which  is 
included  in  the  above  figure.  On  another  occasion,  in  digging 
through  cut-over  land,  where  many  large  but  partly  rotted  stumps 
were  cut  through,  6R2  fL  of  trench  was  dug  in  four  hours,  at 
a.  cost  of  $7.55  for  three  men  and  15  gal.  of  gasoline  —  only  l.Ic 
per  foot.  On  Oct  5  the  machine  made  its  speed  record  of  660 
ft  in  three  hours,  but  ^.02  for  gasoline  and  $1.68  for  the  wages 
of  tbe  engineer  and  helper  being  charged  to  the  operation.  Thia 
waa  about  %  of  a  cent  per  foot.  Both  trenches  were  in.  shale  at 
the  bottom. 

That  these  costs  are  typical  of  the  work  is  shown  by  the  record 
which  the  machine  made  on  its  most  difficult  bit  of  digging. 
Lai«t  winter,  with  18  in.  of  ground  frozen  hard,  it  dug  in  one 
operation  7,220  ft.  of  2  x  5^-ft,  trench  at  an  average  speed  of 
3  ft.  per  minute.  But  this  is  not  all.  The  bottom  of  that  trench 
was  in  shale,  the  average  depth  of  which  proved  to  be  44  in. 
Over  most  of  the  trench  the  clay  was  frozen  to  the  top  of  the  shale. 

This  shale  is  not  laminated  clay,  but  a  true  shale,  which  can  be 
picked  in  excavating  bell  holes,  but  which  it  pays  to  shoot  when 
any  conniderable  yardagp  must  be  removed  by  hand. 

The  two  miles  of  trench  dug  in  these  four  operations  are  typical 
of  the  machine's  work  to  date.  It  shows  no  appreciable  wear, 
and  maintenance  on  it  has  been  negligible.  Tbe  trenching  in  ques- 
tion, if  done  at  the  unit  cost  of  the  2-niile  trench  dug  by  hand  in 
1B18,  would  have  represented  a.  labor  charge  of  $1,035,  whereas 
it  actually  cost,  for  labor  and  fuel,  $200,  fully  half  of  which  was 
chargeable  to  the  sheeting  required  on  the  first  gravel  trench  dug. 
This  represwits  a  saving  of  $1,736.    Doubling  this  for  the  four 
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milefl  of  main  dug  to  Oct.  G,  the  machine  appears  to  have  saved 
$3,470,  or  to  have  more  than  half  paid  for  itself. 

Method!  Employed  In  ConstmctliiK  Concrete  Pipe  Bewer  ia 
TaokBon,  Ktob.*  Special  methods  and  devices  for  trenching  and 
pipe  laying  have  been  employed  in  conatmcting  two  lock  joint 
concrete  pipe  trench  sewers  in  Jackson,  Mich.  These  sewers  vary 
in  diameter  from  4  ft.  to  18  in.,  and  each  is  about  2  miles  long, 
and  the  lock  joint  concrete  pipe  is  used  for  24  in.  in  diameter  and 
above,  vitrified  pipe  l>eing  used  for  the   IS-in.  line. 

He  trench  is  largely  through  sand  and  gravel  end  considerable 
water  and  nmning  sand  were  encountered.  The  depth  ran- from 
7  ft.  to  25  ft.  and  tight  sheeting  was  required  throughout.  The 
first  few  feet  of  cut  were  made  with  horse  and  scraper;  if  the 
trench  did  not  exceed  8  ft,  in  depth  the  deepening  was  continued 
by  hand;  for  depths  exceeding  S  ft.  a  trench  machine  was  used. 
The  sheeting  was  driven  by  hand  and  was  pulled  after  the  trench 
had  been  nearly  refilled  by  means  of  a  chain  block  fastened 
overhead  to  a  rail  laid  on  the  bents  of  the  trench  machine.  Two 
men  pulled  all  the  sheeting. 

The  trench  machine  is  shown  by  Fig.  329.  It  was  designed  by 
City  Engineer  a:  W.  D.  Hall,  and,  built  150  ft.  long,  cost  JSOO, 
including  three  ^  en.  yd.  self-dumping  buckets.  The  construc- 
tion calls  for  very  little  explanation.  As  will  be  seen,  the  whole 
machine  Is  made  so  as  to  move  along  the  work  on  track  rails 
laid  on  the  hanks  of  the  trench.  An  ordinary  double  drum  hoist- 
ing engine  operates  the  traveler,  one  drum  giving  the  traveling 
movement  and  the  other  drum  doing  the  hoisting.  The  usual 
method  of  operation  was  employed.  The  excavated  spoil  was 
raised  in  the  buckets,  conveyed  back  and  back. tilled  onto  the  pipe, 
which  had  been  laid  as  fa^t  as  the  trench  was  opened. 

When  water  was  encountered  in  the  trench  it  was  handled 
as  shown  by  the  sketch.  Fig  330.  The  force  pipe  of  an  ejector, 
shown  in  enlarged  detail  by  Fig.  330,  was  attached  by  hose  to 
the  nearest  hydrant,  which  gave  the  ordinary  domestic  pressure  of 
about  60  lb.;  the  auction  pipe  with  strainer  end  drew  from  the 
trench  sump  and  the  discharge  pipe  passed  over  a  bulkhead  into 
the  completed  sewer. 

In  pipe  laying  the  usual  methods  were  followed,  the  pipes 
being  rolled  onto  skids  over  the  trench  and  lowered  by  the  trench 
machine.'  The  pipe  laying  was  straightforward  work  except  where 
running  sand  or  quicksand  was  encountered  and  then  the  special 
shield  shown  by  Fig.  331  was  employed.  This  shield  consists, 
as  will  be  seen,  of  three  sides  of  a  bottomless  bos.     It  ia  operated 


*  EnninttrinB-Cinitraetinff.  Kov.   10,    IfiOB. 
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U  followa;  Whra  near  grade  the  shield  is  Bet  on  the  trench 
botluDi  in  the  ponition  iHuHtrsted,  with  its  open  end  straddling  the 
«nd  ol  the  completed  pipe.     Hay  ia  then  stuffed  into  the  spaces 

■.-A^^^*.^'^ 
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Fig.  331.    Sketch  Showing  Steel  Plate  Shield  Employed  in  Laying 
Sewer  Pipe. 

gr«^,  driving  down  the  shield  as  they  sink  the  eseavation.  When 
the  excavation  U  completed  the  pipe  is  laid  and  jointed  inside 
the  shield,  Vhirh  meanwhile  acts  as  a  temporary  cofferdam. 
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Only  general  figures  are  available  on  the  coat  of  this  work. 
Mr.  Hall  stat«s  that  for  depths  of  10  ft.  and  less  the  raat  liaa 
varied  ao  mnch  owing  to  local  conditions,  differences  in  material, 
ete.,  that  it  is  impossible  to  get  at  average  coats.  He  states 
that  the  cost  of  excavating  42-in.  sewer  from  17  to  20  ft.  deep 
has  been  53  ct.  per  cu.  yd.  The  trench  at  17^i  ft.  depth,  eon- 
tains  4.7  cu.  yd.  of  excavation  per  iineal  foot  and  costs  $2.50 
per  lln.  ft.  At  a  depth  of  26  ft,  the  trench  contains  7  OS  cu.  yd; 
of  excavation  and  costs  75  ct.  per  eu.  yd.,  or  $5.28  per  lin.  ft. 
of  trench.  Between  17  ft.  and  26  ft.  depth  the  eoats  vary  about 
in  proportion  from  53  et.  to  75  ct.  per  eu  yd.  These  coats  In- 
clude excavation,  back  filling,  driving  and  pulling  sheeting,  pipe 
laying  and  cleaning  up  and  grading  the  street  after  the  work. 
They  include  everything  except  cost  of  pipe  and  cost  of  sheeting 
timber  and,  apparently,  plant  and  overhead  charges.  The  gang 
worked  consists  of  30  men;  common  labor  ia  paid  $2  to  $2.25 
per  day,  enginemen  $3  per  day  and  foremen  $5  per  day.  The 
work  is  being  done  wholly  by  day  labor.  The  information  from 
which  this  article  has  been  prepared  has  been  furnished  by  Mr. 
Halt. 

Another  type  of  self-propelling  trench  excavator  can  attain 
a  road  speed  of  2%  miles  per  hour.  The  earth  is  excavated  by 
buckets  traveling  on  a  chain  elevator  and  ia  removed  to  the  side 
(^  the  trench  on  a  belt  conveyor.  The  buckets  are  self-cleaning 
and  travel  acroaa  the  face  of  the  trench  in  order  to  excavate  to 
tije  proper  width  which  is  regulated  by  two  set  acrews.  It  la 
not  necessary  to  change  the  buckets  or  ecrapers  to  change  the 
width  of  the  trench.  The  manufacturers  rate  their  machines  at 
%  cu.  yd.  per  minute.  The  machine  is  operated  by  one  man; 
coal  conanmption  1,200  to  S,000  lb.  per  10  hours.  The  weight 
of  the  machine  is  well  ahead  of  the  trench.  It  is  not  suited  for 
very  rocky  ground,  but  when  a  large  boulder  or  similar  obstacle 
is  met  the  buckets  can  be  raised  ov^r  the  obatructioa  and  can 
start  again  on  the  farther  side  of  the  obstruction. 

Steau  Dbivbn'  Tbencbebb 

Trench  widtlu  Mai.  depth  ii.,.rn.imo»           Ppi.-. 

in  iocIuH             in  ft.  Tranllau 

18  to  38                 IS  oaterpilUr 

!4  to  48  18  .   caterpillar  

ES  to  <0                 ta  CBtfrpiDsr  M.OOO                 U,300 

28  to  CO  so  vbcti  4!i,coo  ii.am 

!S  to  78  24  caterpillar  68,000  13,400 

28  10  78  U  whe^  SZ,inO  12,100 

GAsoLifa  Dhiven 
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cat«riiillBr 


4E.0M 


9.600 
11.900 


EscEvators  of  the   self-propelling  type,  in  wbich  the  eartli  ig 

excavated  b]r  scrapers  and  buckets  traveling  on  a.  chain  elevator 
and  removed  to  either  side  of  the  trench  oa  a  belt  conveyor,  are 
shown  in  the  following  table. 

Steam  Driven 


IB" 


""i^""'  .^ 

. 

l«rmia 

perhT. 

Might 

PHce 

10' 

axM 

33.0W 

8200 

10' 

64,000 

*M» 

«■ 

exnrn 

issno 

76,000 

10«,000 

18000 

Gasoline 

Driven 

18' 

1  ■ 

18.000 

TMO 

10' 

30,01)0 

8^ 

lO" 

SJ.000 

« 

ES,000 

MOO 

TT,0O( 


The  manufacturerH  say  that  the  madiine  will  prohablj  need  no 
repairs  for  one  year;  then  the  repairs  on  the  smaller  machineH 
will  be  from  $1  to  $2  per  day,  on  the  larger  machines  from  92  to 
95  per  day.  They  are  regularly  fitted  with  caterpillar  tractitm  on 
the  digging  end  vA  wheels  on  the  other. 

FiogTui  Diagram  and  Dlatiibntlon  of  Tine  of  Tone  on  Sewer 
Irenohlns  liy  llMhlae.  After  W.  G.  EirchofFer.  Recently  an 
8-in.  eewer  5^70  ft.  in  length  was  laid  at  West  Salem,  Wis.  The 
excavation  wae  made  in  a  sandy  gravelly  clay  by  the  use  of  a 
Parsona'  trmcbing  machine.  The  trench  averaged  about  8  ft. 
deep.  The  total  number  of  days'  work  pnt  in  on  the  job  was  326%, 
or  an  average  of  81.8  days  per  1,000  ft.  of  sewer.  The  trenching 
machine  was  operated  20  days  out  of  the  total  26  put  in  upon 
the  work,  or  an  average  of  263Vj  ft.  per  day.  The  least  distance 
macle  in  a  day  waa  20  ft.  and  the  maximum  distance  was  550  ft. 
of  completed  sewer.  There  were  Hve  days  in  which  the  rate 
exceeded  400  ft.  of  sewer  per  day.  The  progreas  diagram  is 
Ghown  in  Fig.  332. 

The  labor  upon  the  work  was  divided  as  follows  in  days  per 
1,000  ft.  of  sewer: 


Inspscioi    . 
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Plp«  tayer   t.ai6 

Foreman 4.270 

Engineer    4.7» 

Fireman    — 4.412 

Team 8  417 

MBBon    S.™ 

W«(er  bOT   IJM 

Common  fabnr   ».« 

Ttmper    *•» 

The  greatest  number  of  men  employed  in  Bny  one  day  was  16 

and  the  Bmalteet  number  was  two. 

This  work  was  done  unJer  the  supervision  of  W.  G.  Kircholfer, 
consulting  engineer,  Madison,  Wis.  The  contractor  was  F.  B, 
Kaminski  of  Watertown,  Wis. 
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Fig.  332.    Progress  Diagram  of  Sewer  Trenching  Machine  at  West 
Salem,  Wis. 

Trenching  by  Uaclilne  for  a  3e-lii.  Brick  &ew«r.*  An  inter- 
esting example  of  macliine  trenching  under  favorable  conditions 
of  soil  is  furnished  by  the  sewerage  of  an  area  of  about  30  square 
.blocks  south  of  80th  St  and  east  of  Aberdeen  St.,  in  Chicago, 
111.  The  sewers  to  be  built  comprise  about  665  ft.  of  36-in.  brick 
sewer,  about  2,200  ft.  of  30-in.  brick  sewer  and  some  ]7,000  ft.  of 
16  and  18-in.  pipe  sewer.  The  depth  of  these  sewers  below  natural 
ground  surface  is  an  average  of  14  ft.  The  soil  consists  of  black 
loam  overlj'ing  yellow  and  blue  clay,  the  clay  being  stiff  enough 

*£rV<nMHnir  and  OontriMtfiv,  Jaly  17,  1^12. 
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to  stand  well  with  only  occaaional  sheeting  planks.  Altogether 
the  Hoil  conditions  are  well  fitted  for  trenching  by  machine  and 
all  trenching  is  planned  to  be  done  by  machine.  The  machine 
used  was  a  No.  I  Austin  Trench  Excavator  fitted  with  buckets 
cutting  to  a  depth  of  42  iachee. 

The  work  at  present  is  on  the  3S-in.  circular  sewer,  which  con- 
Biata  of  a  two-ring  invert  and  a  single  ring  arch.  Following  the 
machine  the  trench  bottom  is  troughed  to  templets  of  the  sewer 
inverts.    For  this  larger  sewer  the  trench  sides  were  to  be  under- 


Fig.  333.    Excavating  Trench  for  Sewera  Seventy-Eight  Inches 
Wide  and  Twenty  Feet  Deep  at  Des  Uoines,  Iowa. 

cut  at  the  bottom,  since  the  excavator  cuts  only  42  in.  wide, 
hut  with  the  smaller  sewers  there  will  not  be  this  extra  work. 
Tliree  men  pick  the  hottom  and  undercut  the  sides  behind  the 
excavator,  which  is  kept  about  IS  ft.  ahead  of  the  invert  masons.' 
Vertical  plank  spaced  about  2  ft.  apart  and  bound  with  pipe  and 
iron  hands  are  sufficient  to  keep  the  trench  sides  safe. 

Three  bricklayers  work  on  the  inverts  and  two  work  on  the 
crown  which  follows  from  30  to  60  ft.  behind.  Brick  handlers, 
mortar  men  and  helpers  bring  the  force  on  brick  work  up  to 
30  inen.    The  invert  brick  are  laid  to  the  templet  cut  trench 
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bottom.  To  undercut  the  arcli  fiat  iron  circles  in  two  parts 
connected  by  bolts  are  Bet  6  ft.  apart  on  the  completed  inverts 
and  2  X  4  in.  lagging  is  laid  on  tbem  to  form  tlie  aruh  center,  "the 
rings  are  coltapsed  by  removing  the  connecting  Iiolta. 

Trench  excftvation  was  begun  June  3  and  at  the  time  the  work 
was  visited.  July  8,  l.ttOO  ft.  had  been  excavated.  This,  however, 
Ih  no  indication  oE  the  speed  of  the  excavator,  for  it  is  worked 
only  fast  enol^h  to  keep  some  15  ft  ahead  of  the  invert  masonry. 
On  two  favorable  dayti,  164  ft.  and  ITO  ft.  of  eewer  were  built, 
but  the  average  advance  has  been  much  less.  The  contractor 
stated  that  the  machine  had  not  worked  over  half  the  time. 

An  estimate  of  the  coHt  of  operating  the  excavator  based  partly 
on  assumed  pn^resH,  in  as  follows: 

Engineer    }  6.00 

Pirtman i.60 

Cod 4.00 

Oil  mad  wane DO 

R«paln 100 

Dnmeiitkm 2.78 

Jalwatt  Bt  6%  . l.M 

Total  coat  per  working  dsy  IIT.IO 

The  machine  will  use  about  three-quarters  ton  of  coal  per  day. 
To  be  conservative  we  have  assumed  one  ton  at  $4.00.  The 
repairs  were  also  estimated  at  $1  00  which  is  considered  liberal. 
The  depreciation  is  taken  at  300  days'  work  per  year  for  ten 
years,  and  although  it  tg  assumed  that  the  owner  of  such  a, 
mocbine  will  be  able  to  sell  it  at  the  end  of  that  time,  no  allow- 
ance for  salvage  value  is  made  here. 

Assuming  that  the  brick  sewer  may  follow  the  machine  At  a 
rate  of  170  ft.  per  day,  the  cost  per  foot  of  trench  excavation 
is  Ifl  cents,  or  5  cents  per  cu.  yd.  If  the  contractor  could  double 
the  rate  of  brick  construction  he  could  then  reduce  the  excavation 
cost  by  one-half,  as  he  states  that  the  machine  is  used  about 
50%  of  the  time.  Other  items  enter  into  the  increase  in  speed 
of  brick  sewer  construction  which  mi};bt  increase  the  cost  of  that 


part  of  the  work  more  than  the  reduction  in  cost  of  e 
The  decrease  In  cost  of  excavation  on  the  3,000  ft  of  brick  sewer 
If  built  at  twice  the  rate  of  speed  would  be  3,000  X  5  cents,  or 
flSO,  which  is  hardly  enough  to  warrant  the  risk  of  increasing 
the  coat  of  the  brick  work. 

Fif^.    334-33.'^    illuxtrate    well    known    trenching   machines    on 
various  types  of  construction. 

Method  of  Thawlns  Oround  for  trenohlaj;,    Tbe  following  ap- 
peared in  Enfftteering  Neas,  Feb.  18,  1015,  by  Mr.  A.  Lenderink. 

For  the  purpose  of  assisting  t?re  unemployed,  the  c< 
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cil  of  Kalamazoo,  Mich.,  decided  to  build  during  the  winter  eome 
of  the  aewera  that  were  planned  to  be  built  during  the  coming 


Fig.  334.  Caraon  Trench  Machin 
Manitoba,  Canada,  and  in  U( 
Sis  Tuba  at  a  Time. 


The  ground  in  the  atreeta  was  frozen  18  to  24  in.  deep.  Tb« 
engineering  department  decided  to  try  steam  as  a  meana  of  re- 
moving part  of  tbe  frost  ao  tbat  it  would  be  easier  for  the  men 
and   a,lio  keep   the   coat   of   the   excavation   from   becoming   too 
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great.  The  departmeot  hsH  a  lO'hp.  upright  boiler  and  engine 
mounted  on  a  truck  so  that  it  can  be  easily  moved  about.  A 
]-in.  steam  line  from  the  boiler  was  laid  along  one  of  the  outer 
edges  of  the  proposed  trench  for  a  distance  of  100  to  150  ft.  from 
the  boiler  and  returned  along  the  other  edge.  The  part  of  the 
trench  was  then  covered  with  some  wooden  eewer  forma  that  the 
eitj  used  for  large  concrete  aewer  construction,  and  the  forma 
covered  with  8  to  8  in.  of  aand.  The  pipes  were  kept  off  the 
ground  by  a  few  brieka. 


Fig.  336.    Cover  and  Steam  Pipes  for  Thawing  Ground. 

It  was   found   that  by   keeping  steam  on   the   pipe  for  24   hr. 
the   frost   in   the   part   under   cover   was   entirely   removed.     The 
moisture  in  the  thawed  ground  allowed  the  men  to  ahovel  the  top  ■ 
dirt  out  of  the  trench  without  using  a  pick  to  loosen  it. 

The  pipes  and  forme  were  moved  ahead  each  morning  and  the 
thawing  started  for  the  next  day'e  work,  a  portable  shelter  being 
built  around  the  boiler. 

The  coet  of  the  thawing,  for  a  trench  3  ft.  wide,  was  S  to  10c 
per  lin.  ft.,  exclusive  of  interest  and  depreciation  on  the  boiler. 


l;.  GOO(^l(J 
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TETTCKS      ■ 

Pole  Tmclc  for  moving  heavy  material  has  a.  frame  42  hy  27 
inchCB,  wheels  30  inchea  in  diameter,  3-ineh  face,  weighs  300  lb., 
price  S57.50. 

Tramway  Truck  with  steel  wheels  36  inches  in  diameter,  6  ft. 
6  in.  long  by  3  ft,  214  inches  wide,  weighs  about  350  lb.  and 
costs  $46. 


Fig.   337.     Timber  Tniek. 

Timber  Tmok  used  extensively  by  builders  for  handling  heavy 
beams  and  timbers.  Size  6  ft.  4  in,  long,  2  ft.  7  in.  wide,  wheels 
2  ft.  in  dia.  5  in.  wide,  price  £52.50. 

Two  Hone  Tracks  cost  about  as  follows : 


Stone  Truck  for  handling  heavy  stone,  designed  so  that  a  stone 
can  be  rolled  on  the  lower  end  without  lifting,  has  two  wheels, 
diameter  13  inches,  tread  2^  inches,  width  of  truck  IS  inches, 
length  9  ft.     Price  $27.50. 


cCooi^lu 
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Tnn^AsiKG  uachhtes 

Unloader  plows,  Figa.  338,  339,  are  laj-gelf  used  In  railroad 
and  canal  construction.  The  best  types  are  constructed  entirely 
of  steel.  They  are  usually  operated  by  being  pulled  through 
the  train  of  cars  by  a  cable  attached  to  the  engine.    Three  types 


Fig.  338.     Side  Plow. 

are  manufEtctured :  the  center  uoloader,  which  distributes  the 
material  equally  on  both  sides  of  the  track;  the  right  unlooder, 
which  distributes  the  material  to  the  right;  and  the  similarly 
c(ai8truGt«d  left  unloader,  which  places  tiie  material  on  th«  Irft. 
7eT 
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Cknthi  Plows 

OapBcitr  of  Height  at  Weijcfat  Price 

ura,  cu.  yd.  monldboArd,  io.  in  lb.  ■      ■ 

10  38  S.lflO 

10  to  20  4& 

20  to  36  58 

35  to  w  eo 

Side  Plows,  Left  ob  Rraui 

10  to  at  42  4.7H> 

» (O »  SB  7,600 

3S  to  40  66  ».200 


tllOO 
i.uuu  1276 

0,400  1676 


The  time  occupied  in  unloading  a  train  of  12  cars  with  au  un- 
loader  plow  is  from  10  to  30  minutes,  Uie  engine  doing  as  much 
in  that  time  as  8  to  10  men  would  do  in  a.  day.  When  unloading 
on  curves  the  time  is  longer,  for  snatch  blocks  must  be  used  to 
keep  the  cable  on  the  cars.  A  snatch  block  every  third  car  ia 
generally  enough.  When  the  plow  reaches  a  snatch  block  it  must 
be  stopped,  tJie  block  and  chain  being  removed  and  carried  for- 
ward. Unloading  in  this  way  takes  about  twice  as  long  as  on 
straight  trade  and  often  longer. 

When  much  material  is  to  be  handled  the  cars  should  be  rigged 
with  hinged  side  boards  that  can  be  dropped  down  when  unloading, 
and  s.  hoisting  engine  should  be  rigged  up  on  a  car  by  itself  for 
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the  purpose  of  pulling  the  plow  cable.  A  10  x  12  in.  double 
(ylinder  engine  with  a.  1-in.  cable  for  loose  gravel,  and  a  IH-in. 
for  heavier  materia.!  will  unload  a  train  of  cars  often  in  half 
the  time  taken  by  locomotives,  since  the  cars  need  not  be  blocked, 
and  the  danger  of  brealting  the  cable  is  decreased. 

The  cost  at  repairs  to  unloading  plows  on  the  Panama,  canal 
work  during  the  6  months  ending  June  30,  1910,  was  for  1,055 
days  of  service,  an-average  of  S3.7S  per  day  per  plow. 

Mr.  E.  R.  Fostle  in  an  article  in  Engineering-Contracting  of 
October  12,  1910,  describes  a  device  constructed  by  him  for  un- 
loading cniahed  sUme  from  railroad  cars  into  dump  wagons.  By 
the  old  method  of  shoveling,  unloading  crushed  rock  ordinarily 
costs  from  20  to  25  cent^  per  ton,  with  California  wages,  but 
by  means  of  this  apparatus  rock  is  being  unloaded  for  about 
one-third  to  (me-half  of  thia  amount.  The  method  is  to  draw  the 
rock  over  the  end  of  the  car  through  a  chute  hung  to  the  end 
of  the  car  and  into  the  wagon  by  means  of  an  ordinary  slip 
scraper  (largest  aize),  to  which  is  attached  a  %-in.  wire  cable, 
connected  to  hoisting  drum,  operated  by  a  gasoline  engine. 

The  chute  is  built  of  2-in.  lumber  and  is  6  ft.  wide  at  one  eiid, 
5  ft.  at  the  other  end  and  5  ft.  long  and  is  supported  bj  two  legs 
so  that  it  just  clears  the  wagons,  allowing  Uiem  to  be  driven 
under  or  moved  ahead.  A  roller  3  or  4  in.  in  diameter  is  mounted 
on  the  outer  end  over  which  runa  the  cable  drawing  the  scraper 
and  against  which  the  scraper  falls  when  dumping.  The  hoist 
drum  and  gas  engine  are  mounted  on  a  low  truck  so  as  to  be 
easily  moved.  The  engine  is  a  lO-horsepower  gas  engine  belted 
to  the  hoist  drum  with  an  S-in.  belt.  The  hoist  drum  is  12  in. 
in  diameter  and  10  in.  wide. 

Cars  are  spotted  with  the  aid  of  the  hoist  and  the  loading  is 
always  done  at  the  same  spot,  as  the  cars  are  thus  moved  more 
quickly  than  the  apparatus  could  be  moved  from  car  to  car. 

The  coat  of  this  equipment  was  as  follows; 


Kaolilne  for  I«adlnK  from  Can  or  Stock  Files  Into  Wagons. 
Fig,  340  illustratea  this  machine  which  is  a  self-contained  bucket 
elevator.  It  is  used  in  <un1oading  coal,  sand,  gravel,  brtricen  stone, 
etc,,  from  cars  to  wagon  or  stock  pile  or  to  loading  fr<»n  stock 
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pile  to  wagons  or  case.  The  bucket  elevator  ig  about  14  ft.  loag 
and  is  held  in  a  steel  casing  which  alao  Iiolds  ui  operating  motor, 
a  hoisting  winch  and  a  connection  for  a  discharge  spout  In  oper- 
ation the  casing  is  Buspended  from  a  derrick,  or,  it  maj  be,  from 
any  yard  arm,  boom  or  fall  block  convenient,  and  is  lowered  into 
the  car  or  stock  pile  feeding  down  by  its  own  weight  as  tJie 
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Fig.  340.     Portable  Car  Unloader. 

material  is  taken  out.  The  operation  is  made  clear  by  the  draw- 
ing. To  operate  the  elevator  only  otie  man  is  required  to  swing 
the  device  about  and  raise  or  lower  it  so  as  to  keep  it  fed  with 
material.  When  not  in  use  the  elevator  is  raised  up  to  the 
boom  end  and  swung  clear  of  cars  or  other  plant  in  whose  way 
it  may  be.  AH  parts  of  the  elevator  are  made  of  at«el.  It 
weighs  approsimately  7  tons  and  costs  $fi,500  t.  o.  b.  New  York. 
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Dnmp  Wagoni.    Pump  wa^ns  of  o 


Itt  un  tm 

1  UOO  228 

Additional  ten  equippinc  «itb  brake  flS.OO 

Additional  (or  Hntne  ioon  irith  Hteel  8^ 

Additional  tor  tioinB  bod;  and  doon  20.00 

Snmp   Bozea   for   above   wugoits   are  made   in   two   eixee:    the 
l>4-yd.  size  costB  866.60;  the  2-yd.  aiie,  «74.60. 
Bottom  dump  wagons  of  another  mahe  cost  as  follows ; 

Capaeitr  Weight                                      Price 

en.  yd.     lb.  in  lb.  (.  o.  b.  New  Tork 

1  CGOO  2,£T0                                          1220 
1^       E.SOO  2,300                                           £ZS 

2  6.H10  2,320                                         '230 
VA       8.B10  2.350                                           23E 

Extra  for  brake,  side  or  raar f IS 

Extra  tsr  leparBte  lop  bcH,  U  yd ID 

Extra  lot  a«parat«  lop  box,  1  yd 18 

With  reasonable  use-  a  wagon  will  last  five  years.  Wagons  are 
'  usually  sold  ander  a  six  months'  guarantee. 

For  heaTf  loads  tires  should  be  %-in.  thick.  The  difference 
in  cost  between  a  ^-in.  and  %-in.  tire  Ib  about  $5,00  and  the 
aaving  in  wear  and  tear  is  many  times  this. 

Oii  wagons  for  a  period  of  twelve  months  averaged  for  repairs 
S3  per  month.  Original  cost  $70.  New  wagons  other  than  dump 
wagons,  original  cost  $150,  averaged  $2  for  repairs  for  eighteen 
months. 

Wagon  Pole*  of  oak,  nmi-lroned,  cost  about  $7.00  each.  It  takes 
a  man  about  one  hour  and  a  half  to  fit  a  pole.  On  rough  work  a 
wagton  pole  hats'  about  two  months;  if  uaed  on  fairly  good  roada 
it  should  last  two  or  three  yeajs. 

The  foltowing  data  are  from  a  report  made  1^  the  Constructicm 

Service  Co.  of  New  York  on  the  economic  performance  of  Be- 
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vereible  Dump  Wagons  of  three  yards  capacity  drawn   by  trac- 
tion engines  as  compared  with  ordinary  two-horse  l^-jd.  wagons. 
The  assumed  value  of  the  traction  drawn  plant  is  a«  fallows; 


12  —  3  fd.  WICOBI..  |2,7!4.T2         tyeurB       im%       RGO       R9S 

Engine    3.009.00       IBjears         B%%  ,76  .69 

WWcr   t»nk    SOO.OO       10ie*ra       10    %  .17  .10 

The  standard  cost  of  operating  the  same  with  traction  engine  is ; 


Liability  iniursnce.  sty  2%  ot  the  paTr<dl  .U 

MlMsUanMiiu  siid  BUpcrioMndeiice.  16%  ot  tbe  sbove  3.S0 

Tobil  ai[p«iuea  per  day  fZl.OO 

The  assumed  value  of  a  horse  is  $150  and  the  assumed  cost  of 
operating  tie  horse-drawn  plant  is  as  follows: 


Includlni  hameas,  et«.  . 


ToUl  Bxpenae  per  day  IS.W 

The  assumed  working  season  for  the  traction-drawn  outfit  is  7 
months  of  25  working  days  or  175  working  days  per  year, 
whereas,  the  assumed  season  <rf  the  horse-drawn  outflt  is  714 
months  of  20  working  days  or   150  working  days  per  year. 

The  accompanying  diagram  gives  the  resultant  unit  costs  tor 
different  loads  and  length  of  haul. 

The  followiriK  talile  which  gives  the  cost  of  hauling  of  various 
materials  in  wagons  is  taken  from  Engineering  i  Contracting, 
The  average  net  load  is  assumed  as  3,0flO  Ih.,  or  1^  short  tons-  A 
good  team  can  readily  haul  snch  a  load  orer  fair  earth  roads.  An 
average  traveling  speed  of  &Mt  miles  per  hour  going  loaded  and  re- 
turning empty  at  a  rate  of  3^  per  10-hour  day  for  team  and 
driver  is  ansumed.  The  eost  of  hauling  1  mile  does  <  Dot  iuidude 
the  cost  of  loading  and  unloading. 
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SECTION  109 
WAttON  LOADERS 

(See  Chutes) 

These  machinee  are  generally  of  the  bucket  type  in  which 
an  endleeit  chain  equipped  nith  buckets  rotates  on  a  frame  of 
varying  leofsth-  It  may  be  equipped  with  a  gasoline  enjjine  or 
electric  motor  and  is  arranged  in  some  cafes  to  dig  into  the  stock 
pile  it  is  handling.  It  is  mounted  on  wheels  for  easy  trannporta- 
tion  aiid  where  tliere  is  any  great  amount  of  loading  to  be  done 


Fig.  342.    "  Digging  "  Wagon  Loadei 


will  effect  a  saving  over  hand  labor  not  only  In  the  actual  hau' 
dling  of  the  material,  but  also  in  the  time  saved  in  loading  the 
trucks,  which  will  enable  them  to  make  more  frequent  trips. 

A  digging  wagon  loader  for  digging  and  loading  crushed  atone, 
sand,  gravel,  etc.,  having  a  loading  capacity  of  from  1  to  1^ 
cu.  yd.  per  min.  costs  as  follows  f.  o.  b.  New  York: 
705 
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THhp.  electric  motor,  wel|ht  4,S(»  lb tl.ISS 

S     hp.  CUDlisa  SDCiiw,  weight  G.nXI  lb LECO 

A  self-propelled  digging  wagon  loader,  same  capacity  as  above: 

VA  tap.  dMtrIc  mMDT.  weight,  5,800  lb tl.^O 

S    hp.  cuolina  engine,  weight  fi,WO  lb l.TOD 

A  self- propelled,  path  digging  wagon  loader,  same  capacity  as 
above,  with  8  ft.  6  in.  clearance  under  chute: 

10  hp.  elMtrie  motor,  weight  5.900  lb K,3I» 

10  hp.  guoline  sDgiQe,  weight  0,800  lb 2,250 

Clearances  up  to  13  ft.  6  in.  may  be  had  at  extra  cost. 

A  wagon  loader  of  a  small  size  having  b.  cleOirance  under  the 
chute  of  T  ft.,  a  capacity  of  25  tone  per  hr.,  weight  with  3  hp. 
electric  motor  1,600  lb.,  coeU  »750.  With  3  hp.  gasoline  engine, 
weight  l,SOO  lb.,  costs  VI60.  With  4  hp.  engine  and  feeding  con- 
veyor, $900.    Shaker  screen,  {76  extra.    Bevolving  screen,  $125 


Fig.  343.     Loading  Plant. 

A  wagon  and  truck  loader  of  the  bucket  type,  auitable  for  use 
with  coal,  sand,  gravel,  etc.,  is  rated  at  from  ^  to  ^  tons  per 
min.  It  weighs  about  2,600  lb.  without  the  engine  or  motor. 
With  a  4  hp  gasoline  engine  the  cost  is  S035.  With  d.  c.  motor 
the  cost  is  about  $1010. 

A  portable  loading  plant  (Fig.  343)  of  three  unite,  i.  e.,  a  side 
dump  body  on  flanged  wheels,  a  cable  with  pulleys  and  a  struc- 
tural steel  trpstle  of  60  ft.  length,  20%  grade  incline,  8  ft.  high, 
single  track,  6  ton  capacity,  complete  with  braces,  rails,  pulleys, 
etc ,  costs  *800.  The  side  dump  body  on  flaDged  wheels  is  extra 
and  may  be  bad  in  capBciliee  of  from  2  to  10  cubic  yards  at  from 
SfiSO  to  $1,250.    Center  divisions  are  from  $30  to  $00  extra. 

One  end  of  the  cable  is  attached  to  the  loading  body,  the  cable 
pssses  longitudinally  over  the  tiestle  guided  by  pulleys  and  rollers 


WAGON  IX)ADEES  7B7 

and  tbeDce  to  a  "  dead  man  "  set  aeveral  hundred  feet  to  the  rear. 
By  suitahle  sheaves  between  the  dead  man  and  the  trestle  &aj 
desired  reduction  of  power  can  be  obtained.  By  means  of  this 
cable,  the  tmclc  coming  up  to  receive  the  load  furnishes  the  power 
to  pull  the  loaded  car  up  the  trestle  In  position  to  dump.  By 
having  the  cable  of  proper  length  it  can  be  arranged  to  have  the 
truck  directly  beside  the  trestle  by  the  time  the  car  reaches  the 
top,  Ep  that  the  load  can  be  transferred  immediately. 
This  portable  loading  plant  is  suited  to  t«mporaT}'  gravel  pits. 


Fig.  344.     Truck  and  Wagon  Loader. 


storage  piles  of  coal  and  building  material,  shallow  excavations 
and  other  work  where  overhead  storage  and  conveyor  systems  are 
impractical. 

A  truck  and  wagon  loader,  similar  to  the  one  shown  in  Fig.  344 
does  not  attach  to  the  side  of  the  car  to  be  unloaded.  It  is 
built  of  steel  and  is  made  in  the  following  ekes: 

Waqon  Loadeb 
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Extra  for  trimmer,  V39.    The  above  loaders  may  be  had  «itli 
either  one  or  two  hoppers.     The  prices  are  approximate  for  each. 

niiicK  Loader 


1700 


The  at>ove  are  equipped  with  a  trimmer  and  are  of  heavier  con- 
sty  u<^ti  on  than  the  wason  loaders  Center  divisions  cost  $25 
extra.  He  above  prices  are  approximate  for  loaders  having  one 
or  two  hoppers.  The  loaders  having  three  hoppers  are  made  in 
three  rapaeitiea  as  follows:  t  cu.  yd.  J775;  iM,  cu.  yd.  *800;  and 
5  cu.  yd.  $835. 


c.  Google 


SECTION  no 
WELDINa 

Thermit  Frooess.  Thermit  ia  a  mixiure  of  finely  divided 
aluminum  and  iron  oxide.  When  ignited  in  one  spot,  the  com- 
buBtioii  so  started  continues  throughout  the  entire  mass  without 
Bupply  of  heat  or  power  from  outside  and  produces  superheated 
Liquid  steel  and  superheated  liquid  sla;;  (aluminum  oxide).  The 
thermit  reaction  produces  an  exceedingly  high  temperature,  the 
liquid  mess  attaining  6,400°  Fahrenheit  in  less  than  30  seconds. 
The  liquid  steel  produced  by  the  reaction  represents  one-half  of 
the  original  thermit  by  weight  and  one-third  by  volume. 

Welding  by  the  thermit  process  is  accomplished  by  pouring 
superheated  thermit  steel  around  the  parts  to  be  uniteil.  Thermit 
steel,  being  approximately  twice  as  hot  as  ordinary  molten  steel, 
dissolves  the  metal  with  which  it  comes  in  contact  and  amal- 
gamates with  it  to  form  a  single  homogeneous  mass  when  cooled. 
Tlie  eHsentisI  steps  are  to  clean  the  sections  and  remove  enough 
metal  to  allow  for  a  free  flow  of  thermit  steel,  surround  them 
with  a  mold,  preheat  by  means  of  a  gasoline  and  compressed  air 
torch  and  then  pour  the  steel.  Full  directions  are  supplied  by 
the  company  owning  this  process  and  are  not  given  here  on  ac- 
count of  the  limited  space. 

The  following  detailed  outfit  is  suitable  for  repair  work  on  a 
small  railroad  or  the  equipment  of  a  contractor,  where  the  sections 
of  wrought  iron  or  steel  do  not  exceed  4x0  in.  tn  she: 

tlem  Priee 

1  Butomntie  crnciblB  No.  «  ■. $2500 

1  double  bnrner  tbermit  prebHtinf  torch  i!Oinpl«e«  S5IM 

1  tapping   Bpsde .SO 

SOO-lb.  thennit  mired  with  1%  niBDianeaii  und  1%  nkkcl 

t^prmil  und  lE^r  poMbinsa  12009 

inib.  j-pllow  was  @  tn.K  3.50 


Totsl  coat,  (.  0.  b.  Jersey  City  f^M 

The  preheater  is  a  permanent  appliance  and  will  last  indefi- 
nitely, while  the  erucibla  will  last  from  12  to  IS  leeuitionB,  after 
709 
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which  it.  ma;  be  relined  with  magnesia  tar  in  the  field  or  at 
the  factory  for  $18.  Eai-h  crucible  requires  136  lb.  of  tar  at  T  ct. 
per  lb.,  and  one  magnesia  stone.  No  construction  equipment  is 
required    except   neceesar;   material    to    make   a   mould    box    of 

The  prices  of  other  aizea  of  appliances  are  as  follows : 

Weight 

IMm                                                              Price  (lb.) 

PrehCBler  torch,  gioKle  burner  }60.00  1T5 

PrehMter  lorch,  double  burner  85.00  a» 

Automilic  crucible,  No.    1,  tor      8  lb.  thermit ...      6  00  40 

Aatomatie  erucibte.  Ko.    2.  tor     8  lb.  thermit ...      8.S0  80 

Automstic  crucible,  Ko.    3.  for    IE  lb.  thermit ...    12.00  UO 

AutoDiBtic  crucible.  No.    4,  for    2S  lb.  thermit  ...    13.50  US 

AntooRtiG  enicible.  Mo.    5,  lor    as  lb.  thermit ...    18.00  150 

Antomalic  crucible.  No.    6,  for    70  lb.  thermit  ...    25.00  325 

Automatic  crorlble,  No.    7,  for  14D  lb.  thermit ...    45.00  I8G 

Automatic  crucible.  No.    S,  for  210  lb.  thermit ...    55.00  480 

AulomBtic  crucitde.  Ko.    9,  for  280  lb.  thermit...    85.00  SSO 

Automatic  crucible,  No.  ID,  (or  400  lb.  thermit ...    SO.flO  720 

•Tripode,  No.  1  2.80  U 

•TVipods,  Nos.  2-3  3.50  » 

Tripoda,  Nos,  4-B  4.50  M 

THjiodB,  Noe.  S-J  12.50  66 

Flat  bottom  cruciblea,  No.  t  for    4  lb.  thermit  ... .      2.00  18 

Flat  bottom  cruciblee.  No.  3,  for    8  lb.  thermit  ... .      5.«  IT 

Plat  bottom  cruciblea,  No.  4,  for  IG  lb.  thermit ....      HM  85 

Plat  holtcm  cruclblpa,  No.  6,  for  40  1b.  thermit....    1186  95 

Tonga  for  flat  bottom  crucible.  No.  2 3.75  814 

ToDRx  for  flat  )>o(lam  (rucible.  No.  3  6.Tt  17t4 

ToDga  for  flat  bottom  crucible,  No.  4  8.M  15 

Tonga  for  flat  bottom  crucible.  No.  G  T.OO  30H 

Coal  of  rpliniuj;  flat  bottom  crui-ible.  No.  2 2.00 

CoKt  of  rplinic;  flat  hatlom  cracihie.  No.  3 4.15 

Cost  of  relining  flat  bottom  cruc-ihle.  No.  4 SIR 

Coat  of  relinine  flat  hoKan  crudble.  No.  B  9.85 

Thermit  (KoTd  onlT  iu  flO  lb.  boxes).    Railroad....    20.00 

lenitlon  powder,  Wlb.  cans  45 

Yellow  wai,  per  lb.   35 

Special  mouldiDC  material,  per  bbl B.OO  340 

*  For  welding  coDuectlng  roda  and  driviog  wheel  apokea.  etc. 

The  proper  quantity  of  (hermit  required  for  the  weld  may  be 
calculated  by  multiplying  by  32  (he  weight  of  the  wax  necessary 
to  fill  all  parts  of  the  fracture  and  reinforcement,  or  else  by 
calculatiiiH  the  number  of  cu.  in.  in  the  fracture  and  reinforce- 
ment and  allowing  one  pound  of  thermit  mixed  with  the  necessary 
additions,  to  the  cubic  Inch.  If  more  than  10  lb.  of  thermit 
are  to  !»  used  it  is  necessary  to  mix  steel  punchinga,  not  exceed- 
ing i^-in.  in  diameter,  into  the  powder.  For  10  lb.  or  more  of 
thermit  10%  of  punchings  should  be  added;  for  50  lb.  or  more 
15%  of  punchinga  should  be  mixed  in. 

The  railroad  thermit  mixture  with  proper  ingredients  is  used 
for  welding  steel   sectiona.     No  other  additions  are  necesaary. 

Portable  Oxy-Acetrlene  Welding  and  Cntting  Ontllt  consisting 
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SOI 


of  an  acetylene  generator,  regulator  valves  and  gaugeH,  connecting 
hose,  burner,  tool  kit,  goggles  and  gloves,  complete  without  oxygen 
tank,  costs  $240  i.  o.  h.  distributing  point.  A  three  wheel  steel 
truck  for  this  outfit  costs  $35  extra.  This  generator  uses  car- 
bide cakee  (see  Light)  and  has  a  capacity  of  60  cu.  ft.  of  gas 
from  S  cakes. 

Another  make  is  to  be  had  in  three  outfits.     The  welding  outfit 
consiata  of  a,  torch,  acetylene  generator,  regulating  valves  and 


Fig.   345.     PorUble  Welding  Outfit. 

gauges,  hose,  tools,  goggles,  complete  on  truck,  and  costs  SI2i  50. 

The  cutting  outfit  is  similar  to  the  above  and  costs  $145.  The 
combination  outfit  for  both  welding  and  cutting  costs  $105. 

WeldiUE  the  Joints  of  Steel  Qas  Uatns.  The  following  is  from 
the  Feb.  4,  1015,  issue  of  Engtneerivg  News.  An  application  of 
the  oxy-acetylene  system  of  welding  together  lengths  of  wrought 
iron  or  steel  pipe  to  make  a  continuous  line,  thus  eliminating 
either  screwed  or  bolted  joints,  has  been  made  in  putting  down 
some  eleven  miles  of  gaa, mains  in  Chicago.  The  diameters  of  the 
mains  varied  from  4  to  IQ  inches.    Similar  work  has  been  done 
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at  PbiladelphiA,  and  at  the  Panania-Pacific  ITxpositioD  pipes 
welded  in  this  way  have  been  used  for  the  entire  gBH-main  patent, 
Gomprning  ten  milea  of  pipee  of  2-in.  to  16-in.  diameter.  The 
smaller  pipe«  also  for  gas  distribution  inside  the  Exposition  build- 
ings have  been  welded  into  continuous  lengths. 

The  lengths  of  pipe  are  deposited  along  the  street  or  on  skids 
over  the  trench,  and  auccensive  lengths  are  butted  together.  The 
pipe  undergoing  welding  is  turned  gradually  during  the  opera* 
tion  BO  that  the  welding  is  all  dtHie  at  the  top.  Where  large 
pipe  is  welded  on  skids  over  a  trench,  two  welders  often  work 
on  opposite  sides  of  a  joint. 

Id  city  streets,  the  mains  laid  on  the  street  surface  are  welded 
usually  to  form  lengths  of  200  to  400  ft.,  as  it  is  not  desirable 
to  open  up  Tery  long  trenches.  These  lengths  are  lowered  into 
the  trench  by  rope  or  chain  slings. 

The  question  of  contraction  and  expansion  with  temperature 
changes  has  of  course  to  receive  attention:  but  when  a  gas  main 
is  once  buried  in  the  trench  the  variation  in  temperature  be- 
tween summer  and  winter  is  probably  not  over  25°.  To  bring 
the  pipe  to  a  uniform  tPinperature,  the  trench  ia  partly  filled  with 
earth  over  the  pipe  leaving  the  joints  at  the  abutting  ends  un- 
covered, .  A  chamber  is  excavated  around  this,  enabling  the 
welder  to  work  all  around  the  pipe.  If  the  endH  draw  apart 
as  the  pipe  fools  and  contracts,  the  welder  can  apply  additional 
metal  to  build  up  the  joint. 

Such  welding  is  of  course  more  difficult  than  welding  the  joints 
while  the  pipe  is  above  ground.  For  this  reason  in  open  country 
very  long  lengths  are  welded  up  before  lowering  into  the  trench ; 
1,000-ft.  lengths  are  common  and  we  are  informed  that  at  one 
plaoe  100  lengths  of  8-in.  pipe,  each  40  ft.  long,  were  welded  into 
a  continuous  section  of  4,000  ft.  before  being  lowered  into  the 
trench.  The  lengths  of  pipe  are  of  course  capped  and  tested  after 
welding  the  joints  and  before  lowering  into  the  trench. 

The  welded  joint  is  claimed  to  have  usually  from  80  to  90% 
the  ittrength  of  the  solid  pipe,  but  can  be  made  even  stronger  than 
the  pipe  by  building  up  additional  metal.  The  liFe  uf  the  pipe 
should  be  greatly  increased  since  the  thickness  of  the  pipe  is  not 
reduced  by  cutting  the  threads  upon  it.  The  lengths  of  pipe  to  be 
welded  are  made  preferably  with  beveled  endx.  new  metal  being 
built  up  in  the  V-shaped  opening  at  the  joint,  but  square  end 
pipe  can  be  welded  if  necessary.  The  use  of  this  process  is 
leading  to  the  adoption  of  40  ft.  iNigths  in  preleraice  to  the  usual 
20  ft.  length. 

Under  ordinary  conditions  a  skillful  operator  can  weld  in  so 
hour  shout  one  joint  on  12-in.  pipe  and  from  three  to  five  joints 
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on  4-in.  pipe.  The  cost  ia  eaid  to  be  from  25  to  40%  less  tban  the 
cost  of  a  receseed  Bcrew  joint,  including  the  cost  of  the  coupling 
and  its  &ppIioati(tn. 

With  the  welded  pipe,  the  branches,  laterale,  drips  and  various 
other  fittings  are  made  integral  parts  of  the  continuous  main, 
while  with  screw-joint  pipe  they  are  separate  and  special  parts 
whose  numerous  joints  are  oft^n  a  source  of  trouble.  Laterals 
are  inserted  at  any  point  hy  cutting  a  hole  in  the  main  (with  the 
cutting;  blowaipe)  and  welding  in  the  end  of  the  lateral.  A 
fi-in.  angle,  an  8-in.  Y  and  a  6-  and  4-in.  reducer  were  made  by* 
cutting  the  main  and  the  aroatler  pipe  to  the  desired  shape  with 
the  torch  and  then  weldiog  the  parts.  The  only  material  re- 
quired to  make  up  these  specials  are  odd  lengths  of  pipe  of  the 
required  sizes,  which  can  t>e  cut  and  connected  at  any  point  and 
in  any  way.  The  cost  of  making  the  Y,  with  two  8-in.  pipes 
connecting  to  an  S-in.  main,  is  about  T6c.,  as  given  in  the  table. 

A  great  advantage  of  such  coatinuousiy  welded  mains  ia  that 
leaks  from  the  joints,  always  a  large  eouroe  of  loaa  in  e\'ery  gas 
distribution  system,  is  wholly  prevented.  Thus  these  mains  ars 
especially  advantageous  for  natural  gas  and  oil  pipe  lines  as  well 
as  for  city  gas  distribution.  The  apparatus  used  for  the  work 
consists  of  two  cylinders  of  compressed  oxygen  and  acetylene  gas 
mounted  on  a  two-wheeled  truck,  and  fitted  with  hose,  regulators 
and  the  welding  torch. 

Cost  of  Wkldino  Pipe  Joints  and  Ys 

, a  K  6-ln.  Y , 

A-in.  pipe  IS-in.  pipe  OuHtus  Weldinc 

Labor,  SO  ct.  per  lir min.  ZO    fOlO  M   fO.IG  3    tO.OlS  22    %0M 

OiygpD,  2  ct.  par  cu.  (t (t.      10       .20  «       .80  8       .06  18        .24 

Aretylena,  2  ct.  per  cu.  ft ft.        »       .IS  33       .72  1       .<&  10       .20 

Filling  wire,  12  cl.  per  lb lb.      %       .09  2-     .24  ,.         ^  1        .U 

Totsi    W-H  M.a  »0.0»6  ».W 


c.  Google 


SECTION  111 
WHEELBASSOWS  , 

Analysis  ot  the  Wheel-Bamw.  The  wheel-batraw,  as  a  meB.iis 
for  transportation,  Is  subject  to  such  peculiar  laws  and  it  is  su 
often  used  under  falee  aSBumptiond  that  it  deserves  some  careful 
analysis.  The  wheel -Tjarrow  itself  is  a  very  remarkatde  vehicle. 
Its  front  end  ts  subject  to  the  rules  that  govern  the  transportation 
of  wheeled  vehicles  proper  an<l  its  rear  end  ia  dead  weight  car- 
ried upon  the  hands  of  its  opn-atur,  while  it  has  a  third  pe- 
culiarity in  that  the  man  who  carries  the  load  must  at  the  same 
time  furnish  the  tractive  power  for  overcoming  the  wheel  re- 
sistance. It  is  a  highly  specialiited  form  of  apparatus  suitable  for 
a  highly-  specialized  kind  of  work  and  nothing  else. 

Wheel  Traction.  The  causes  of  resistance  to  the  motion  of  a 
wheeled  vehicle  are  as  follows: 

1.  Friction  at  the  axle. 

2.  Boiling  friction  under  the  wheel. 

3.  The  effect  of  grade. 

The  first  of  these  is  inconsiderable  and  pretty  nearly  constant 
for  ordinary  vehicles,  being  from  3Mt  to  4^^  pounds  per  short  ton. 
The  second,  the  rolling  friction  underneath  the  wheel,  depends 
upon  the  diameter  of  the  wheel  itself,  width  of  tire,  the  road  sur- 
face, the  number  of  wheels  in  the  vehicle,  and,  also,  upon  the 
kind  of  vehicle,  whether  it  is  supported  by  springs  or  otherwise, 
and  the  manner  in  which  the  load  of  the  vehicle  is  distributed 
among  the  wheels. 

The  force  which  overcomes  the  wheel  resistance  must  act  in  a 
direction  parallel  with  the  traction  surface;  or  if  it  is  not  parallel 
with  the  traction  surface,  only  the  component  of  the  force  which 
is  parallel  with  the  surface  ia  effective. 

Wheel-Barrow.  In  the  wheel-barrow  all  of  the  forces  which 
act  underneath  the  wheel  can  be  theoretically  considered  as  due 
to  an  equivalent  grade  with  all  friction  omitted.  In  the  diagram 
Fig.  346,  W  is  represented  as  the  total  weight  o(  the  wheel- 
barrow and  its  load,  and  in  the  sketch  A,  this  load  is  considered 
as  acting  at  a  point  whone  distance  measured  horizontally  is  d 
from  the  center  of  the  wheel  and  d,  from  the  h{kndle.     Tlie  wheel 
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rolls  upon  the  tlie<wetical  grade  line  and  preeaes  vpoa  it  whh  a 
force  whicli  is  equal  and  opposite  to  the  reaction  R,,  which  acts 
normally  to  this  (jrade  line.  The  intensitj  of  R,  depends  upon 
the  weight  W  and  its  podition.  The  nearer  W  is  to  the  wheel  the 
greater  it«  reaction  but  the  direction  of  the  reaction  always  re- 
maJTis  at  riglit  angles  to  the  theoretical  grade.  The  only  other 
force  supporting  the  wheel-barrow  is  that  applied  at  the  handles 


Fig.   34« 

and  is  indicated  by  R^     These  forces  have  been'  worked  out  to 
scale  in  the  Equilibrium  Diagram  6. 

The  applied  force  Hi  is  derived  from  the  pull  on  the  arms  of 
the  operator  transmitted  through  his  body  from  the  shoulder 
point,  and  transmitted  th^ce  through  his  body  to  the  point  at 
which  his  feet  meet  the  ground  g.  In  order  that  tiie  man's  body 
shall  hot  be  overturned,  he  must  lean  forward  in  such  a.  position 
that  the  moment  of  the  force  R,  around  the  point  g  will  be 
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balanced  bj  the  momeiit  of  the  man's  weight  acting  at  the  c^ter 
of  gravity  of  his  bod;  in  the  opposite  direction.  Bj  trial  this 
proposition  will  establish  the  angle  at  nhich  the  man's  body 
should  stand,  which  in  the  diagram  is  the  angle  ¥  with  the 
horizontal.  An  iDspectitm  of  this  diagram  will  disclose  the  fol- 
lowing facts; 

1.  When  the  load  W  is  well  forward  near  the  wheel,  as  a 
result  of  this  condition  the  force  R]  necessarily  takes  a  direction 
oblique  to  the  vertical,  and,  therefore,  when  thin  force  must  be  re- 
sisted by  the  arnia  of  the  operator,  his  arms  extending  out  back- 
ward must  approach  the  more  nearly  to  a  horizontal  line  the 
farther  forward  W  is  placed.  Likewine,  in  order  to  maintain 
his  body  in  equilibrium  he  must  lean  forward  proportionately  with 
the  increase  in  the  obliqueness  of  this  force. 

2.  The  farther  forward  he  leans  the  more  cramped  and  painful 
does  his  position  become  end  tlie  less  secure  hia  foot-hold,  also, 
the  theater  the  general  strain  upon  hia  body, 

3.  Conversely,  if  the  load  W  be  moved  toward  the  handles,  the 
direction  of  Ri  becomes  less  oblique  to  the  vertical  and  a.  man  can 
stand  more  nearly  upright  and  yet  preserve  his  equilibrium. 
At  the  same  time  it  is  clear  that  with  the  decrease  in  the  obliquity 
of  R,  with  the  vertical,  the  load  R„  which  is  the  reaction  under 
the  wheel,  decreases  and  the  total  amount  of  R,  increases,  placing 
a  larger  muscular  strain  upon  the  arms  of  the  operator. 

4.  As  a  result  of  these  facta  we  have  the  following  propositions, 
namely : 

(1)  That  for  a  level  grade  on  a,  smooth  surface,  requiring 
a  small  relative  horizontal  component  of  Ri  in  order 
to  overcome  tlie  tracttonal  resistance,  a  very  large 
load  can  be  placed  over   the  wheel. 

(2)  As  soon,  however,  as  it  becomes  necessary  to  ascend 
an  appreciable  grade,  or  push  the  wheel-barrow  through 
soft  earth  or  material  involving  a  considerable  resist- 
ance to  traction,  it  becomes  necessary  to  have  a  sub- 
stantial vertical  component  to  Ri  and  involves  shifting 
the  load  towards  the  handles. 

(3)  The  total  load  upon  Ihe  handles  is  limited  to  about  100 
pounds  for  ordinary  work  where  the  wheel-barrow  is  in 
use  most  of  the  time;  and  this  fact  being  established, 
it  is  advisable  to  design  for  particular  condilionn  a 
wheel-barrow  which  will  meet  them  with  the  least 
waste  of  energy. 

These  principles  have  been  made  nee  of  to  some  extent  in  the 
two-wheeled  concrete  bucket  which,  loaded  with  000  pounds  of 
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ooncrete,  is  easil;  pushed  by  one  mEkn  upon  a  level  or  down  a,  slight 
grade,  if  the  traction  suttace  is  in  good  condition.  Earth  has 
been  moved  with  great  economy  down  sliffht  grades  by  the  con- 
struction of  Bom^  homemade  puHh  carta  which  would  carry  a  very 
large  load  and  could  be  easily  puMhed  by  one  mac. 

I  have  at  hand  a  list  of  some  twcnty-sK  different  styles  of 
wheel  barrows  in  ordinary  use,  in  which  the  maximum  ratio  of 
I)  ia  aearly  40  %,  a  minimum  of  about  17%,  and  the  average 
over  28%.  The  weight  of  the  wheel-barrow  a,  themselves,  varies 
from  42-110  pounde  with  an  average  of  70  pounds.  The  value 
of  D  varies  from  a  minimum  of  45"  to  a  maximum  of  55"  with 
an  average  of  48",     The  wheel  diameters  average   15  or   18". 

Chin^ee  Wkeel-Barrow:  The  alx>ve  discussion  permits  ub  to 
analyse  and  appreciate  one  of  the  most  remarkable  forms  of 
apparatus  in  the  world,  namely,  the  Chinese  wheel-barrow.  Mr. 
Charles  Mayne  has  dexcribed  the  kind  in  use  in  and  near  Shanghai. 
The  salient  features  are  as   follows; 

Wtight  of  barrow,  lipht,   120   pounds. 

I^njjth,    including    shafts,   S    ft.    6". 

Extreme  breadth,  including  platform  'knd  spread  of  handles, 
3  ft.   2". 

Diameter  of  wheel.  3  ft. 

Width  of  tire,  ll/i". 

Height  from  ground  level,  including  wheel  guard,  3  ft.  5". 

The  frame  is  made  of  oak,  the  shafts  at  the  rear  end  having 
a  spread  of  3  ft.  1",  from  a  point  about  4  ft.  10"  from  the 
center  of  the  wheel.  The  apparatus  is  steadied  by  a  strap  which 
goes  over  the  shoulders  of  tlie  barrow  man,  Mr.  Mayne  states 
that  frequently  fifty  wheel-barrows  may  be  seen  travelling  in  a 
line  in  Shanghai,  each  carrying  two  barrels  of  English  Portland 
cement,  and  propelled  by  one  man.  Since  the  gross  weight  of 
a  barrel  of  cement  is  about  400  pounds,  the  gross  load  is  about 
920  pounds  whieh  may  be  taken  as  pretty  nearly  the  practicable 
maximum.  Mr.  Mayne  observea  that  this  traffic  is  very  dam- 
aging to  the  macadam  roads.  Frequently,  a  wheel-harrow  will  - 
have  a  load  on  one  side  only,  in  which  caie  it  is  necessary  to  tilt 
the  wheel  over  in  order  to  balance  the  load,  and  this  tilting  re- 
sults in  the  edge  of  the  tire  cutting  into  the  macadam.  Granite 
broken  into  ^i*  size  seems  to  be  the  only  material  that  will 
stand  up  under  this  treatment.  The  resistance  per  ton  on  a 
level  macadam  road  Is  about  40  pounds.  It  will  therefore 
require  a  push  of  about  20  pounds  to  propel  one  of  these  vehicles, 
loaded  with  two  barrels  of  Poriland  i?ement,  which  is  not  above 
the  capacity  of  an  ordinary  coolie.  It  will  be  noted  that  here 
the  center  of  gravity  of  the  load  is  directly  in  the  vertieal  plane 
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which  includeG  the  axle,  and  that  the  height  of  the  center  of 
gravity  of  the  whole  apparatus  is  probably  15  or  16"  above  the 
axle.  H  hen  the  wheel-barrow  strikes  an  aacendin){  grade  the 
most  remarkable  function  of  this  machine  comes  into  play;  the 
ground  on  which  the  wheel  tests  Ijeing  slightly  higher  than 
that  on  which  the  barrow  man  walks,  the  center  of  gravity  of  ■ 
the  load  is  shifted  to  a  position  abaft  the  axle,  which  induces 
a  vertical  load  upon  the  hands  of  the  barrow  man,  enabling  liiro 
to  preserve  his  own  balance  and  apply  more  and  more  strength 
to  the  pushing  of  the  load  as  the  grade  increases,  which  we  see 
from  Fig.  350  is  accomplished  in  the  ordinary  American  wheel- 


Fig.  347.    Average  Barrow  Load  —  0.078  eu.  yd.  Loose. 

barrow  by  always  having  the  load  abaft  the  wheel.  The  China- 
man has  then  automalically,  as  it  were,  a  mAhanism  that 
adjusts  itself  to  the  exigencies  of  the  traffic,  and  enables  him 
to  operate  with  at  least  three  times  the  efficiency  for  transpor- 
tation purposes  of  the  ordinary  wheel-barrow  in  use  in  this 
country  and  Europe.  It  will  be  noted  that  the  Chinese  wheel- 
barrow has  no  bowl  for  convenience  in  loading  granular  mate- 
rials and  it  is  not  adapted  for  dumping. 

A  further  comment  upon  the  above  facta  is  that  it  is  highly 
advantageous  in  all  whcel-barrow  work  to  lay  a  plank -way. 
which  will  permit  the  wheel-barrow  to  operate  with  a  minimum 
of  resistance.  .  The  above  discussion  incidentally  explains  why  at 
least  one  observer  is  of  the  opinion  that  there  is  no  great  dif- 
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[erenc«  in  the  ecMioroy  of  wheel-barrow  operations  between  level 

work  and  grades  of  5%.  The  difference  in  there  but  it  is  hard 
tu  see  because  of  the  exceedingly  inefficient  design  of  the  ■.veioge 
whcel-barrow. 

Wheel-Barrow  Capacity.  Mr.  Jamea  N.  Harlow,  found  in 
1879  on  worit  in  the  Ohio  Ifiver  that  7,B59  wheel-barrow  loads 
of  Bandy  loam  averaged  0.057  cubic  yards  per  load,  weighing 


Fig.   346.    It  you  are  going  up   hill  with   a   truck,   which  of 
these  two  ways  is  easier,  and  why! 

183  pounds  per  cubic  foot  of  1.54  cubic  feet  per  wheel-barrow. 

The  same  authority  at  Davis  Island  found  the  -1,484  wheel- 
barrow loads  of  gravel  averaged  0.540  or  1.4T  cubic  feet  per 
barrow.  Taking  the  weight  of  gravel  as  125  pounds  per  cubic 
foot  it  would  be  184  pounds  net  per  wheel-barrow. 

Mr.   Allen  Hazen   states   that   23,180    wheel-barrow   loads  of 


Fig.  349.     If  you  travel  down   hill   with   a  truck,  which  of  the 
above  waya   ia   easier,   and  whyt 

sand  averaged  .3566  yards  per  barrow.  These  figures  were 
obtained  on  the  scraping  of  fllters.  The  wheel-bar  rows,  loaded 
as  in  the  cut  (Fig.  347),  average  .0779  cubic  yards  per  barrow 
loose,  or  assuming  45%  voids  198  pounds  per  barrow  load  net. 
The  average  barrow  load  figures  out  .0427  loads  per  yard  solid. 
Explained  in  fraetions,  wheel-barrow  loads  as  loaded  in  the  pho- 
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tograph  will  average  about  ^  of  a  yard  solid  or  ^  of  a  yard 

Band  Cart*.  The  hand  cart  is  used  in  Europe  to  a  large  ei- 
tent  and  with  appreciation  of  the  lawn  noted  in  this  analvBig. 
which  latvH  are  aim  illustrated  by  the  two  aketchea  (Figs.  348  and 
349)  from  the  strand  Magtuine  for  October,  11)08.  When  piixh- 
ing  steadily  on  a  cart  a  man  can  turn  out  about  (we-half  million 
toot  pouniU  of  work  in  ten  houre. 

The  following  notes  are  of  advantage  in  Tiguring  on  wlieel- 
barrow  work  in  general.  According  to  Haswell,  a  man  caa  carry 
111  pounds  11  miles  per  day,  and  going  short  distancee  and 
returning  unloaded  he  can  tmnxport  in  a  wheel-barrow  15I\ 
poundg  11  miles  per  day.  We  have  seen  that  this  latter  per- 
formance depends  entirely  upon  the  kind  of  wheel-barrow  and 
the   kiod  of  traction   Hurface.     Haswell   also  states  that  a   man 


Fig.  350 

can  push  on  a  horizontal  plane  20  pounds  with  a  velocity  of  120  ' 
feet   per   minute   for   ten   hours   per   day.     This   result   seen 
accord  with  those  of  Morin. 

The  Cost  of  Wheel-Barrow  Work.  The  value  of  D,  which  we 
have  considered  as  the  "  lettd  "  or  "  haul,"  is  the  distance  in 
that  the  material  has  to  be  carried,  not  including  the  extra 
tance  traversed  in  the  operation  of  turning  around.  In  sci 
and  genera]  embankment  work  it  is  feauible  to  ascertain  this  ^ 
quite  accurately  by  means  of  a  profile,  and  is  in  effect  the  dis- 
tance between  the  centers  of  gravity  of  the  cut  and  till. 

For  the  wheel-barrow  under  ordinary  conditions  of  work  i 
this  country  the  lost  time  per  round  trip,  or  "  1,"  will  avenge 
very  nearly  three-quarters  of  a  minute  on  an  ordinarily  wel' 
managed  job.  The  loaded  speed  will  dilTer  from  the  empty  i 
different  ways,  depending  upon  the  conditions.  When  deliverin^l 
concrete  up  a  moderate  grade,  say  6-10%,  the  man  with  the, 
loaded  wfaeel-barrow  will  aluMMt  invariably  wsJk  some  10%  taabff 
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ttum  the  man  with  the  Hupty  wheel-barrow,  the  man  with  the 
heavy  loaded  wheel-barrow  being  anxious  to  get  ahead  and  dnmp 
hia  load,  getting  his  rest  on  a  bIow  return  trip.  The  men, 
wheeling  mat^riala  to  a.  mixer,  as  a  general  thing  have  to  go 
up  a.  alight  grade  and  are  subject  to  the  aame  rule,  whereaa 
the  wheel-barrow,  when  wheeling  heavy  loada  down  hill,  la  in- 
clined to  pull  the  man  with  it,  and  the  loaded  barrow  again  goea 
faster  tluun  the  eroptjr  one.     On  a  level  in  earth  work  where  the 


Cost  in  Cent»  PtrTbn 
Fig.  351.    Traosportation  by  Wheel-barrow. 
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haul  is  ratiier  long,  tbe  loaded  wfaeel-bftirow  wit)  move  ratber 
more  alowlj'  tban  the  empty  one.  For  convenient  nge  in  tlie 
field  the  diagram  in  Fig.  351  has  been  plotted  and  showa  the 
actual  total  cost  per  ton  and  per  cubic  yard  for  dilTerent  materials 
for  any  length  of  haul  up  to  1,000  feet  which  can  be  read  ofT 
directly.  This  diagram  is  made  for  average  eraitraet  work  nhen 
the  day's  wages  are  il  50  per  day  of  10  hours,  and  when  the 
conditions  are  as  outlined  above.  If  the  men  are  loafing  the  cont 
will  be  higher  than  indicated  and,  on  the  other  hand,  if  the 
men  are  property  stimulated  by  the  right  kind  of  a  bonus  the 
coat  can  be  made  rather  teas  than  xhown  on  the  table.  It  will  be 
noted  that  the  Tslue  of  1  has  been  taken  as  the  time  actually  loat 
in  dumping,  turning,  getting  ready  to  load,  and  getting  ready 
to  start  and  atop,  and  does  not  include  any  time  to  consume  in 
the  operation  of  loading,  since  the  barrow  man  himself  is  sup- 
posed to  be  busy  while  the  whecl-liarrow  is  not  in  use.  with  the 
exception  of  the  lost  time  above  referred  to.  The  equation  num- 
ber 5  represents,  then,  the  amount  transported  per  total  trans- 
portation day  of  10  hours  for  which  the  man  gets  paid  S1.30  for 
transporting.  The  time  required  to  load  the  wheet-barrow,  itself, 
comes  under  the  other  process  of  loading  and  is.  treated  under 
that  head.  The  coat  in  this  diagram,  Fig.  351,  is  for  the  oper- 
ation of  tranHportation  only  and  do  not  include  anything  for 
superintendent  or  overhead  charges.  The  rental  value  of  the 
wheel-barrow,  amounting  to  2  ct.  or  3  et.  per  day,  has  not  been 
Included  In  this  diagram. 
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Steel    barrows. 

Cspadlj'  Weight  Prica 

Btfla                                   in  cu.  ft.  p«  doi.  Gaaie  per  doi.' 

Panhandle  S»              696  M  t  »« 

Forvmrd  duoip 3H              8«  18  197 

Oontraplora    3\i              792  16  K 


a 


Charging Z% 

Mining  '. 314 

Mining  I 


MeHDrrng    . 
MeMuriog    . 


Coke 

Concrata' eanTsjror  . 


Capacity     Weight  Price 

in  en.  ft.        eacb        Gauge       each 
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Wooden  barrows. 
Brick  nnd  tile,  weight  per  doz,  820  lb.,  load  capacity  700  lb, 
per   doi.    *85.     Cement    bag   barrow,   weight    each    75    lb.,    load 
capacity  700  lb.,  price  each  $12. 


Anotlier  nmke  of  Ht«el  wheel-barrowa  is  as  followi: 


Kind 
General  purpn*  . 


Tubular  <l 
Tnbnliir  rI 


Weieht 


Wooden  Banowc  A  wooden  brick  barrow  having  a  platform 
ZB  by  24  in.,  and  an  18  ft.  dash  w«igha  67  lb.,. and  costs  «7.00. 
A  Btraight  handle  utoiie  barrow  wngfaa  73  lb.,  and  oaats  (7.50. 

Conorcte  Cart  with  a  eapitcity  of  Q  cu.  it.,  weighs  approximately 
204  lb ,  and  costs  S34. 

Some  wooden  wheel-barrows  which  cost  originally  $21  per  doz. 
had  a  life  of  5  months  in  rock  work  and  about  1  year  in  earth 
work;  they  would  last  still  lonner  in  concrele,  this  being  for 
single  shift  work.  The  average  cost  of  repairs  was  30  ct.  per 
month  per  barrow. 

It  was  found  that  wheel-barrowB  with  steel  trays,  iron  wheels 
and  wooden  frames  had  about  the  same  total  life  but  the  average 
cost  for  repairs  was  20  ct.  per  month. 

A  doren  wooden  frame  harrown  with  steel  wheels  and  steel 
trays  easting  $30  per  doz.  were  useless  in  6  months  in  work  S0% 
of  which  was  rock  .and  20%  earth.  Total  repairs  tor  these  6 
months  amounted  to  $10,  or  14  ct.  per  harrow  per  month. 
Eighteen  wheel -barrows,  costing  $60  per  doz.  were  bought,  one 
of  which  survived  6  months  of  the  same  kind  of  work.  The  cost 
of  renewing  trays  for  these  was  $1  per  wheelbarrow  for  the  6 
months  and  general  repairs  amounted  to  $30,  or  28  ct.  per  barrow 
per  month.  Of  another  dozen  costing  $27  with  wooden  traya  and 
steel  wheels  10  survived  6  months'  work  at  a  total  cost  for  re- 
pairs of  $28,  or  39  ct.  per  barrow  per  month. 
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Double  drum,  double  purchas*  wiiirh,  rapacity  with  2  men,  2 
lines  10,1)00  lb.,  with  2  men,  4  lin«><i  20,000  lb.,  diameter  of  drum 
B  in,  eoBtB  from  $114  to  E124  for  lenglhx  from  14  to  20  in. 

Single  drum,  double  purcbase  winch  same  as  above  cohIh  from 
$103  to  $112 

Double  drum  geared  winch  capacity  2  men,  2  lines  3,000  lb., 
2  men,  4  lines  8,000  lb.,  diameter  of  drum  6  in.,  lengths  from 
14  to  18  in.,  $64  to  $06.  7  in.  diameter,  $68.20  to  $70.40. 

Single  drum  geared  winch  same  capacity  and  alzes  as  above 
costs  from   $33  to  $38  50 

Double  drum  geared  winch,  capacity  2,000  to  3,000  lb.,  drum 
4  hj  8,  $42, 

Single  drum  geared  winch,  as  above,  $17. 

Small  winch,  not  geared,  SOO  to   1,600  tb.  capacity,  $7.70. 

Sofetj'  wtorm  gear  winch,  750  to  1,500  lb.  capacity,  $14.50 
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CLASSIFIED  LIST  OF  COHSTSUCIIOH  EaTnFHElIT 
KAirUFACTUBEBS  AND  SEALEBS 


..Google 


c.Googlu 


AIR  COMPRESSORS 

Allis-ChatmeTt  Mfg.  Co.,  Milwaukee,  Wis. 
Blake-Knowles  Works,  New  York,  N.  Y. 
Chicago  Pneumatic  Tool  Co.,  Chicago,  III. 
Fnirbankg,  Morse  &  Co.,  Chicago,  111. 
Ingersoll-Hand  Co  ,  New  York,  N    Y. 
Sullivan   Machinery   Co.,  Chicago,   III. 
WeatinghouHe  Air  Brake  Co.,  Pittsburg,.  Pa. 
Worthington  Pump  &  Machinery  Corp.,  New  York,  N.  T. 

AIR  COMPRESSORS  — PORTABLE 

Abenague  Mach.   Works,  Westminster  Station,  Vt. 
AlliB-ChatnierB  Mfg.   Co..  Milwaukee,  Wig. 
Chicago  Pneumatic   Tnol   Co.,   Chicago,   111. 
Fairbanks,  Morse  ft  Co.,  Chicago,  III. 
iDBergollRand   Co,   New   York,  N    Y. 
Sullivan  Machinery  Co.,  Chicago,  111. 

ASBESTOS 

Acme  ABbeatoB  Covering  ft  Supply  Co.,  Chicago,  IH, 
Dominion  Asbestoa  &  Rubber  Co.  New  York,  N.  Y. 
Johns-Manville   Co  ,  H.  W,.  New  York,  N.  Y. 
Wing  ft  Son,  R,  B.,  Albany,  N.  Y. 

ASPHALT    PLANTS 

Austin  Co.,   P.   C,  Chicago,   III 

Barber    Asphalt    Paving    Co.,    The,    Philadelphia,    Pa. 

Cummer  ft  Son  Co.,  The  F.  D.,  Cleveland,  0, 

AUTOMOBILES  —  MOTOR   TRUCKS 

Federal  Motor  Truck  Co.,  Detroit,  Mich. 
Garford  Motor  Truck  Co ,  The ,  Lima,  Ohio. 
TntematicHial  Harvester  Co.,  Chicago,  III. 
Kelly-Springfleld   Motflr   Truck   Co..  Springfield,  O 
Packard  Motor  Car  Co..  Detroit,  Mich. 
Pierce-Arrow  Motor   Car   Co.,  Buffalo,  N.   Y. 
Beo  Motor  Car  Co.,  Lanaing,  Mich. 
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Bepublic  Motor  Truck  Co.,  Alma,  Slieh. 
Stewart  Motor  Corp.,  Buffalo,  N.  Y. 
Tiffin  Wagon  Co.,  Tiffin,  Ohio. 
White  Co.,  The,  Cleveland,  Ohio. 

BACKFILLING   MACHINES 

Austin   Co.,   F    C,   Chicago,   111. 

pBfBOllB  Co ,  The,  Newton,  la. 

Pawling  &   Harniachfeger   Co.,  Milwaukee,   Wie. 

Waterloo  Cement  Machinery   Corp.,   Waterloo,  la, 

BAR   CUTTERS 

Cleveland  Punch  &  Shear  Worka  Co.,  The,  Cleveland.  0. 

Koehring  Machine  Co.,  Milwaukee,  Wia. 

Meata  Machine  Co ,  Pittsburg,  Pa. 

Niagara  Machine  &  Tool  Works,  Buffalo,  N.  Y. 

RyerBon  &  Son,  Job.  T.,  Chicago,  ID. 

BARGES  AND  SCOWS 

American  Bridge  Co.,  New  York,  N.  Y. 
CaliforniH  Redwood  Assn.,  San  Francisco,  Cal. 
Fabricated  Steel  Products  Corp.,  New  York,  N.  Y. 
Graver   Tank   Worke,   Wm.,   East   Chicago,   Ind. 
Pittuburg-Des  Moines  Steel  Co.,  Pittsburg,  Pa, 

BELTING 

Allen  Mfg.  Co.,  W.  D..  Chicago,  111. 
Bicford  &   FranciH  Belting  Co..  Buffalo,  N.  T, 
Fairbanks  Co.,  The,  New  York,  N.  Y. 
Hettrick  Mtg.  Co.,  The,  Toledo,  0. 
Manbeim  Mfg.  &  Belting  Co.,  Chicago,  111. 
Salisbury  A  Co.,  Inc.,   VV    H.,  Chicago,  III. 
Union  Asbestoe  4  Rubber  Co.,  Chicago,  111. 

BENPINO  MACHINES 

Klectric  Welding  Co.,  Pittsburg,  Pa. 
Galland-Henning   Mfg.    Co.,   Milwaukee,   Wis. 
Hinman  &  Co.,  Sandwich,  III. 
Koefaring  Machine  Co.,  Milwaukee,  Wis. 
Ryerson  &  Son,  Jos.  T.,  Chicago,  III. 
WatflonStillnian   Co.,  The,  New  York,  N.  Y. 

BINS 


BLASTING  MACHINES 

Atlas  Powder  Co.,  Wilmington,  Del. 
du  Poot   deNemoure  Co.,  E.  I.,  Wilmington,  Del. 
Rendrock  Powder  Co.,  New  York,  N.  Y, 
Western  Electric  Co.,  New  York.  N.  Y. 

BLOCKS  —  TACKLE 

Americas  Hoist  k  Derrick  Co.,  St.  Paul,  Minn. 

Boston  &  Lockport  Block  Co.,  Boston,  Maes. 

Burr  Mfg.  Co.,  Qeveland,  O. 

ByerB'  Mjichine  Co.,   Jno.   P.,   Ravenna,  0. 

Carpenter  A  Co.,  Geo.  B.,  Chicago,  lU, 

Clyde   Iron   Works,   Duluth,   Minn. 

Edwards  &  Co.,  H.  D.,  Detroit,  Miub. 

Hartz  Co.,  H.  V.,  Cleveland,  O. 

Leechen  &  Sons  Rope  Co.,  A.,  St.  Louis,  Mo. 

Roebling  Sons  Co.,  Jno.  A.,  New  York,  N.  Y. 

BLUE  PRINT  MACHINES 

Dietzgen  Co.,  Eugene,  Cltieago,  111. 
Keuffel  &  Esser,  New  York.N.  Y. 
Wickes  Bros.,  Saginaw,  Mich. 

BOILERS 

Ames  Iron  Works,  Oswesoi  N.  Y. 
AbendroUi  &  Root  Mfg.  Co..  Newburg,  N.  Y. 
American   Radiator   Co.,   Chicago,   111. 
Babcock  &  Wilcox,  New  York,  N.  Y. 
Brennan  &.  Co.,  John,  Detroit,  Mich. 
Browoell   Co.,    Dayton,   Q. 
ByerB  Co.,  Jno:   ¥.,  Ravenna,  O. 
Casey-Hedges  Co.,  Chattanooga,  Tel)n. 
Connelly  Boiler  Co.,  D.,  Cleveland,  0. 
Fritk   Co.,   Waynesboro,   Pa. 
.Tohnston   Bros.,   Ferrysburg,  Mich. 
Kewanee  Boiler  Co.,  Kewanee,   111. 
I^ke  Erie  Boiler  Works,  Buffalo,  N.  Y. 
Union  Iron  Works,  Erie,  Pa. 

BUCKETS  —  CONCRETE 

Haisa  Mfg.  Co.,  New  York,  N.  Y. 

Hayward  Co.,  The,  New  York,  N.  Y. 

Industrial   Works,  Bay  City,  Mich. 

Inslej  Mfg.  Co.,  Indianapolis,  Ind. 

Koppel  Industrial  Car  ft  Equipment  Co.,  Eoppel,  Pa. 

Lakewood  EogiDeering  Ca,  The,  Cleveland,  O. 


Marsh   ft   Co.,   Geo.   C,   Chicago,   111. 

Mead  Morrison  Mfg.  Co.,  East   BosUm,  Ma,HS. 

Steubner,  Geo.  L.,  Long  Island,  N.   Y. 

BUCKETS  — GRAB 

Brosiue,  Edgar  E.,  Pittaburg,  Tm. 

Brown  Hoisting  Machinery  Co.,  The,  Cletekod,  O. 

Haisa  Utg.  Co.,  New  York,  N    Y. 

Hayward  Co.,  The  New  York,  N.  Y. 

Industrial   Iron  VVorks,  Bay  City,  Mich. 

Lakewood  Engineering  Co.,  ClevelEind,  0. 

Link-Belt   Co.,   Chicago,   HI. 

Orton  &  Steinbrenner  Co.,  Chicago,  111. 

Pawling  &.  Harniecbf^er  Co.,  Milwaukee,   WiB. 

WilliamB  Co.,  G.  H.,  Erie,  Pa- 

BUCKETS  —  SCRAPER 

American  Hoiet  4  Derrick  Co.,  St.  Paul,  Minn. 
Blaw-KnoT  Co.,  Pittsburg,  Pa 
Brown  IToiating  Machinery  Co.,  Cleveland,  O. 
BucyruB  Co.,  So.   Milwaukee.  Win. 
HaisB  Mfg.  Co.,  Geo.,  New  York,  N.  Y. 
Hayward    Co,    The,   New   York,   N.    Y. 
InduHtrial   Works.  Bay  City,  Mich. 
Link-Belt   Co.,  Chicago,  HI 
Maxah  ft  Co.,  Geo.  C,  Chicago,  111. 
Orton  ft  Steinbrenner  Co.,  Chicago,  HI. 
Owen  Bucket  Co.,  Cleveland,  Ohio. 
Saucrman  Dros.,  Chicago.  Ill 
Williams  Co.,  0.  H.,  Erie,  Pa. 

BUILDINGS— PORTABLE 

Baker  ft  Co.,  E.  J.,  Chicago,  III. 
Butler  Mfg.  Co.,  Kansas  City,  Mo. 
Edwards  Mfg.  Co.,  The,  Cincinnati,  O. 
International  Mill  ft  Timlier  Co.,  Bay  City,  Mich. 
Lucey  Mfg.  Corp.,  New  York,  N.  Y. 
Milwaukee   Corrugating   Co.,    Milwaukee,    Wis. 
Pruden  Co.,  The  C.  D..  Baltimore,  Md. 

CABLEWAYS 
American  Steel  ft  Wire  Co..  Chici^,  IlL 
Clyde  Iron  Works,  Duluih,  Minn. 
Flory  Mfg.  Co.,  8.,  Bangor,  Pa. 
Lidgerwood  Mfg.  Co.,  New  York,  N.  Y. 
Roebling  Sots  Co.,  Jno.  A.,  Trenton,  N.  J.         -  .' 

Sauerman  Bros.,  Chicago,  111.  i.i-,t)()yk 


CARS  —  CONTRACTORS' 
Cambria  Steel  Co.,  Philadelphia,  Pa. 
Clark  Car  Co,  Pittsburg,  Pa. 

Koppet  IndustriaJ  Car  4  Equipment  Co.,  Koppel,  Pa. 
Lakewood   Engiaeering  Co.,   The,  Clavelanij,   O. 
Weatem   Wheeled   Scraper   Co.,   Aurora,   Til. 
Youngstown  Steel  Car  Co.,  The,  Yonngstown,  0. 

CARS  —  DUMP 
American  Car  &  Foundrj  Co.,  St,  Louis,  Mo/ 
Cambria  Keel  Co,  Philadelphia,  Pa. 

Clark   Car  Co.,   Pitfaburg,  Pa. 

Koppel  Industrial  Car  &  Equipment  Co.,  Koppel,  Pa. 

Lakewood  Engineeting  Co  ,  The,  ClevelaTid,  Ohio. 

Pidgeon-ThomaH   Iron  Co  ,   Memphia,  Tenn. 

Pressed   Steel   Car   Co.,   Pittsburg,   Pa. 

Standard   Steel   Car   Co-,  PiHabut^,   Pa. 

Western   Steel   Car   4   Foundry   Co,   Pittsburg,   Pa. 

Western  Wheeled  Scraper  Co.,  Aurora,  III 

Youngstown  Steel  Car  Co.,' Youngstown,  Ohio. 

CARS  — SPREADER 
Buffalo  Pitts  Co.,  BliffahsN.  Y.     . 
Jordan   Co.,  O.   F ,   East   Chicago,    Ind. 


CARTS  — CONCRETE 
Lakewood  En^neering  Co.,  The,  Cleveland,  Ohio. 
Ransome-Leach   Co.,  Dunetlen,  N    J. 
Sterling  Wheelbarrow   Co.,  Milwaukee,   Wis. 
Toledo  Wheelbarrow  Co..  Toledo,  0- 

CARTS  — DUMPING 
Columbia  Wagon  Co.,  Cotumbia,  Pa. 
Kilboume  &  Jacobs  Mfp-  Co,  Columbus,  0. 
I.ekewood   Engineering  Co.,  The,  Cleveland,  0. 
Sterling  Wheelbarrow   Co,   Milwaukee,  Wis. 
Tiffin  Wagon  Co.,  Tiffin  O. 
Western  Wheeled  Scraper  Co.,  Aurora,  111. 

CEMENT  GUNS 
Cement-Gun  Co.,  Inc.,  "Allentown,  Pa. 

CE5IENT  TESTINii  APPARATUS 
Fairbanks,  Morse  &  Co.,  Chicago,  111.  t.ooi^lu 
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CHAIN  BLOCKS 
Abell-Howe  Co.,  The,  Chicago.  111. 
Cbisholm,   John   E,   Chicago,   III. 
Detroit  Hoist  &  Machice   Co.,  Detroit,  Mich. 
Reading  Chain  &  Block  Corp.,  Heading,  Pa. 
Ryerfcon  &   Son,  Jos.   T.,   Chicago,  111. 
Yale  &  Towne  Mfg.  Co.,  The,  New  York. 

CHAINS 
Amcriean  Chain  Co.,  Inc.,  Bridgeport,  Conn. 
Carr  Co.,  The  J.  B.,  Troy.  N    Y. 
Jeffrey  Mfx   Co.,  Columbua,  Ohio. 
Reading  Cliain  ft  Block  Corp.,  Reading,  Pa. 
Cniteil  States  Chain  &  Forging  Co ,  Pittsburg,  Pa. 
Woodhouse  Chain  Worki,  Trenton,  N.  J. 

CHUTES  — BROKEN  STONE,  GRAVEL  &  SAND 
American  Abrasive  Metals  Co ,  New  York,  N.  Y. 
Fairbanks,  Morse   &    Co ,   Chicago,   111. 
Link-Belt    Co,,    Chiraao.   III. 

Sackett  Screen  t  Chute  Co.,  H.  B.,  Chicago,  III. 
\yel»ter  Jlfg.  Co  .  Tiffin,  0. 
Western  Pipe  k  Steel  Co.,  San  Franciaco,  Cal. 

CHUTES  — CAR  UNLOADING 


CONCRETE  PLACING  EQUIPMENT 
Insley  Mfg.  Co ,  New  York,  N.  Y. 
Lakewood  Engineering  Co.,  Tlie,  Cleveland,  O. 
Sackett  Screen  &  Chute  Co.,  H.  B,  Chicago,  III. 
Smith  Co.,  The  T.  L„  Milwaukee,  Wia,  . 

CONCRETE  SIDEWALK  AND  CURB  FORMS 
Blaw-Knox   Co.,   Pittsburg,   Pa. 

CONCRETE  SIDEWALK  TOOLS 


CONVEYORS  —  BEL! 
Alvey  Mfg    Co..  St.  Louis,  Mo. 
Barber-Greene  Co,,  Aurora,  111. 
S'airbaukH  Co.,  The,  New  York,  N.  Y.  ,;.t,cx)glu 


Stephens -AdamMMi  Co.,  Aurora,  111. 

CO!JVEYORS  —  PORTABLE 


CRUSHBKS 

Acme  Ttoad  Mai^hinery  Co.,  Frankfort,  N.  Y, 

AIliB-Chalmers  Mtg.   Co.,   Milwaukee,  Wis. 

Austin  Mfg.  Co.,  Chitago,  HI. 

Riichanan  Co.,  Inc..  New  York,  N.  Y. 

Case  Threshing  Machine  Co ,  J.  I.,  Bftrine,  Wis. 

Chalmers  &  WillianiB,  Chieago,  III. 

Good   Roads  Marhinerr   Co.,  Kennett  Square,   Pa. 

Jeffry  M(g    Co.,  ColuDilniH.  O. 

Marsh   &   Co.,  Geo.   C,  Chicago,  111. 

Smilh   Engineering  Works,   Milwaukee,   Wis. 

Traylor  Enoineering  A  Mfg.  Co.,  Allentown,  Pa. 

Western  Wheeled  Scraper  Co.,  Aurora,  III. 

DERRICKS 

American  Hoist  &  Derrick  Co.,  St.  Paul,  Minn. 

Bjers  Macliine  Co.,  Jno.  F.,  RavcnnB,  0. 

CIvde  Iron  Worko,  Diilvlh.  Minn. 

Flory  Mfg.  Co.,  8.,  Bangor,  Pa, 

HoMing  aiachinery   Co.,  .\ew   York,  N.  Y. 

Pollard,  J.  G.,  Rrooklyn,  N.  Y. 

Parker,   S.   E.,   Chicago,   III. 

Sasgen  Derrick  Co,  The,  Chicago,  III. 

Terry  Mfg.  Cto.,  The  E.  F,,  New  York,  N.  Y. 

DITCHEES 

American  Hoist  &  Derrick  Co.,  St.  Paul,  Minn. 

Au=tin  Co.,   Inc.,  F.  C,  Chicago,  111. 

Bay  City  Dredge  Works,  Bay  City,  Mich. 

Iluckeye  Trsction  Diteher  Co.,  The,  Findlay,  0. 

Bucyrus  Co.,  The,  So    Milwaukee,  Wis. 

Clyde  Iron   Works,  Dululh,  Minn. 

Fairbanks  Steam  Shovel  Co.,  Marion,  O. 

Good  Roads  Marhinery  Co.,  Kennett  Square,  Fa. 

Hayward  Co.,  The,  New  York,  N.  Y. 

Jordan  Co.,  0.  F.,  East  Chicago,  Ind, 

Osgood   Cfl.,  The,   Marlon,  O.  ,-.  . 

Western  Wheeled  Scraper  Co.,  Aurora,  III.  c.t.OOglu 


DIVING  APPARATUS 

Bale  Bobber   Co.,  Atlantic,   Maaa. 

Morae  &.  Son,   Inc.,   Anilrew   J.,   Boeton,  MasH. 

Schrader  &  Son,  A.,  New  York,  N.  Y. 

DRAG  8CBAPER  EXCAVATORS 

Austin  Co.,  Inc.,  The  F.  C,  Chicago,  HI. 
Browning  Co.,   The,   Cleveland,   Ohio. 
BucyrnH  Co.,  The,  So.  Milwaukee,  Wia. 
Clyde   Iron   Works,   Duluth,  Minn. 
Fairhnnks   Steam   Shovel   Co..   Marion,   0. 
Hayward   Co.,   The,   New   York,   N.   Y. 
Kilbourne  k  Jacubu  Mfg.  Co.,  The,  ColnmbuB,  O. 
Link-Belt  Co.,  Chicago,   III. 
Marah  4  Co.,  Geo.  C„  Chicago,  111. 
Orton  4  Steinhrenner,  Chicago,  111. 
Osgood  Co.,  The,  Marion,  O. 
Pawling  &  Harnischfeger,  Milwaukee,  Wis. 
Sauerman   BroH.,   Chicago,   111. 
Williams  Co.,  G.  H.,  Erie,  Pa. 

DREDGES 

Bay  City  Dredge  Works,  Bay  City,  Mich. 
BncyruB  Co.,  ITift  Milwaukee,  Wis. 
Hayward  Co.,  The,  Now  York,  N.  Y. 
Pitlsburg-Des  Moines  Steel  Co.,  Pittsburg,  Pa. 
Marion  Steam  Shovel  Co.,  Marion,  0. 
Morris  Machine  Works,  Baldwinsville,  N.  Y. 
Portland  Co.,  Portland,  Me. 
Stockton  Iron  Works.  Stockton,  Cal. 
Toledo  Foundry  &.  Machine  Co.,  Toledo,  O. 
Yuba  Mfg.  Co.,  Marysville,  Cal. 

DRILLS  — BLAST  HOLE  AND  QUARRY 

American  Well  Works,  Aurora,  III. 
Armstrong  Mtg.  Ca,  Waterloo,  la. 
IngersollRand  Co.,  New  York,  N.  Y. 
Keystone  Driller   Co.,   Beaver    Falls,   Pa, 
Sanderson -Cyclone  Drill  Co.,  Orrville,  O. 
Star  Drilling  Machine  Co.,   The,   Akron.  O. 
Sullivan  Machinery  Co.,  Chicago,  HI. 

DRILLS  — CORE 

American  Well  Works,  Aurora,  111. 
Dobbins  Core  Drill  Co..  New  York,  N.  Y. 
Ingeraoll-Rand   Co.,   New   York,   N.  Y.  ,  Ccx)ijlu 
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Jeffry  Mfg.  Co.,  Colwnbua,  O. 
Ke^itone  Driller  Co.,   Beaver   FaJla,  Pa. 
Stand&rd  Diamond  Drill  Co.,  Chicago,  111. 
Star  Drilling  Machine  Co.,   The,   Akron,  0. 
Sullivftn  Machlnerj  Co.,  Chicago,  111. 
Williains  Brothers,  Ithaca,  N.  Y. 

DRILLS  —  ROCK 

Chicago  Pneumatic  Tool  Co.,  Chicago,  111. 
Cleveland   Pneumatic   Tool   Co.,   Tie,   Cleveland,  O. 
aeveland  Rock  Drill  Co.,  Cleveland,  O. 
Hardnocg  Wonder  Drill  Co.,  Ottumwa,  la. 
Helwig  Mfg.  Co.,  St.  Paul,  MinD. 
IngerBoll-Rand  Co.,   New  York.  N.  Y. 
Lefirand  Mine  Drill  WorkB,  Wilkee-Barre,  Pa. 
Rix  CompreReed   Air  &  Drill  Co.,  Lob  Angelea,  Cal. 
Sullivan  Machinery  Co.,  Chicago,  111. 

DYNAMITE;   BLASTING  POWDER 

jEtna  Exploslvea  Co.,   Inc..  New  York,   N.   Y. 

American  Powder  Mills,  Boaton,  Mass. 

AtlB«  Powder  Co.,  Wilminglon.  Del. 

Austin   Powder  Co.,  Clevfland,  O, 

du  Pont  de  Nemours  &  Co.,  E.  I.,  Wilmington,  Del. 

Giant   Powder   Co.,   San   Francisco.   Cal. 

Hercules    Powder    Co.,    Wilmiuglon,    Del, 

Illinois  Powder  Mfg.  Co.,  St.  Louis,  Mo. 

International   SmokeleaB  Powder  &  Chein.  Co.,  New  York,  N.  Y. 

Reodrock   Powder   Co.,   New   York,   N.   Y. 

Roberts  Powder  Co ,  Shenandoah,  Pa. 

Shamokin  Powder  Co.,  Shamokin,  Pa. 

United  States  Powder  Co.,  Terre  Haute,  Ind. 

ELECTRIC  MOTORS 

A  His- Chalmers   Mtg.   Co.,   Milwaukee,   Wis. 

G  A  C.  Electric  *,  Mfg.  Co.,  Garwood,  N.  J. 

Crocker-Wheeler  Co.,  Ampere,  N.  J. 

Fairbanks,  Morse  A  Co.,  Chicago,  111. 

General    Electric   Co.,   Schenectady,   N.    Y. 

Triumph    Electric   Co.,    Cincinnati,   O. 

Western  Electric  Co.,  Chicago,  III. 

Westinghouse  Electric  &  Mfg.  Co.,  E.  Pittsburg,  Fa. 

ELEVATING  GRADERS 

(See  Orading  Madiines)       ^  ...Cooijlu 


ENGl>rES  — GAS,   GASOLIXE,  KEROSEWE  AND  OIL 
AlHB-CliBlmerB  Idfg.  Co.,  Milwaukse,  Wis. 
Armslrong  Mfg.   Q>.,  Waterloo,  la. 
C.  H.  k   E.   Mfg.   Co.,   Inc.,  Milwaukee,  Wla, 
ChieapD   Pneumatic   Tool   Co..   Chicago,   111. 
Pairlmnka  Co.,  Tlie,  New  York,  N.   Y. 
Fairluiiika,  Murae  &  Co.,  Chitngo.  III. 
Fnller  &  JohnBon  Mfg.  Co.,  Madiaraii  Wis. 
Lambert  Gas  &  Gasoline.  Engine  Co.,  Anderaon,  Ind. 
Otto  GaB  Etagine  Co.,  Philadelphia,  Pa. 
Standard  Scale  &  Supply  Co.,  Pittsburg,  Pa. 
Waterloo  Gaeoline  Engine  Co.,  Waterloo,  la. 
WorthiDgtOT  Pump  4,  Mchy.  Wki.,  New  York,  N.  Y. 

ENGINES  —  HOISTING 
Allis-Chatmera  Mfg.  Co.,  Milwai-kee,  Wis. 
Bay  City   Iron  Co.,  Bay  City,  Mich. 
Buffalo  Hoist  A  Derrick   Co.,   Buffalo,  N.   Y. 
Byers   Machine   Co.,   John   F.,   Ravenna,   O. 
Carpenter   Co.,   Gieo.   B.,   Chicago,   111. 
Clyde  Iron  Works,  Duluth,  Minn. 
Pairbanka,  Morse  &  Co.,  Chicago,  III. 
Flory  Mfg.  Co.,  S.,  Bangor,  Pa. 
Hendy  Iron  Works,  J,  Ran   Francisco,  Cat. 
Lidgerwood  Mfg.  Co.,  New  York,  N.  Y. 
Marsh  ft  Co.,  Geo.  C,  Chicago,  111. 
Orr  &.  Senibower,  Beading,  Pa. 
Thomas   Elevator   Co.,   Chicago,   111. 

ENGINES  — STEAM 
AlliB-Chatmera  Mfg.  Co.,  Milwaukee,  Wis. 
Ames   Iron   Works,   Oaw^tJ,   N.   Y. 
Buckeye  Engine  Co.,  Salem,  O. 
Clvde   Iron   Works,  Duluth,  Minu. 
Erie  City  Iron  Works,  Erie,  Pa. 
Hewes  &  Phillips  Iron  Works,  Newark,  N.  J. 
Hooven -Owens -Rpntachler  Co.,  Hamilton,  0. 
Lawrence   Machine   Co.,   Lawrence,  Ittass. 
Leflel  &  Co.,   James,   Springfield,  O. 
Murray  Iron  Works  Co.,  Burlington,  la. 
Nordberg  Mfg.   Co.,   Milwaukee,   Wis. 
Skinner   En^ne   Co.,   Erie,   Pa. 
Sturtevant   Co.,  B.   F.,   Boston,   Mass. 
Vilter  Mfg.  Co.,  Milwaukee,  Wis. 
Watts-Campbell  Co.,  Newark,  N.  J. 

EXPLOSIVES 
(See  HyiiMil^),,,,,  ,.Ccx)glu      ■ 
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FIRE  EQUIPMENT 
Chemical  Engines 
Amecicui-La  France  Fire  Engine  Co.,  Elmira,  N.  Y. 
Badgtr   Fire  Extinguieher   Co.,  Boston,  Moss. 
Castle,  Co.,  Jame»  M.,  Philadelphia,  Fa. 
Simmona  Co.,  John,  New  York,  N.  Y. 

Fire  ExtinguiBhera 
Allen  Mfg.  Co.,  W.  D.,  ChicHKo.  111. 
Badger  Chemiesl  Mfg  Co..  Milwaukee,  Wis. 
Badger  Fire   Extinguisher  Co.,  Boston,  Masa 
CaHtle,  Inc.,  James  M.,  Philadelphia,  Pa. 
FairhankH  Co.,  The,  New  York.  N.  Y. 
Foamit*'   Firetoam   Co.,   New   York,   N.   Y. 
.Tohns-Manville  Co.,  H.  W.,  New  York,  N.  Y. 
Pvrene  Mtg.  Co..  New  York.  N.  Y. 
.'JaliBhiirr  &  Co.,  Inc..  W.  H..  Chieago,  111. 
Simmons  Co.,  John,  New  York,  N.  Y. 

Fire  How 
Castle,  Inc.,  James  M.,  Philadelphia,  Pa. 
Dominion   Asbestos  &  Ruhber  Co.,  New  York.  N.  V. 
Flesihle   Armored   Hose  Corp..   BiiHalo.  N.   Y. 
Ooodsll  Pnhber  Co.,  Inc.,  Philadelphia,  Pa. 
Simmons  Co.,  John,  New  York.  N,  Y. 
Union  Asbestos  4  Rubber  Co.,  Chicago,  111. 

FORGES  —  PORTABLE 

Buffalo  Forge  Co.,  BuiTalo,  N.  Y. 
Carpenter  A  Co.,  Geo.  B.,  Chii^ago,  Til. 
Champion  Blower  &  ForgB  Co..  I^ncaster,  Pa. 
F^irlianka  Co.,  The.  New  York,   N.   Y. 
Raupk-Mfy    Co.,  Brooklyn.  N.  Y. 
IngersoH-Rand   Co.,  New  York.   N.   Y. 
Potts  Co.,  P.  H.,  Lancaster,  Pa. 
Rjprson  &  Bon,  .Tos.  T.,  Chieago,  III. 
Sturtevant  Co.,  B.  F.,  Boston,  Mass. 

FORKS  — BALLAST 


FORMS  — STEEL 

American  Bridge  Co.,  New  York,  N.  Y. 
Blaw-KnoK  Co.,  Pittsburg,  Fa. 
Butler  Mtg.  Co.,  Kansas  City,  Mo. 


c.  Google 


Heltzel  Steel  Form  *  Iron  Co:,  Warren,  O. 
International   Metal  Mfg.   Co.,  Philadelphia,   Pa. 
Wefltern  Pipe  &.  Steel  Co.,  San  Francisco,  Cal. 

FURNACES 

AlliB-ChaJmen  Mfg.  Co.,  Milwaukee,  Wis. 
Fairbanks  Co.,  The,  New  York,  N.  Y. 
Hauck  Mfg.  Co.,  Brooklvu,  N.  Y. 
I«a4it«  Co.,  Inc.,  Philadelphia,  Pa. 
Pollard,  Jos.  G.,  Brooklyn,  N.  Y. 
Steubner,  Geo.  L.,  Tjodb  Island  City,  N.  Y. 
Union  Iron   Works,  H^Kdcen,  N.  J. 

GRADING  MACHINES 

Acme  Boftd  Machinery  Co.,  Frankfort,  N.  Y,    - 

Austin  Mtg.   Co.,   Chicago,  III. 

Good  Roads  Machinery  Co.,  Kennett  Square,  Po. 

Kilbourne  &  Jacobs  Mfg.  Co.,  Columbus,  0. 

Russell  Grader  Mfg.  Co.,  Minneapolis,  Minn. 

Stroud  &  Co.,  Omaha,  Neb. 

Western  Wheeled  Scraper  Co.,  Aurora,  111. 

HEATBHJS  — PORTABLE  GRAVEL  k  SAND 

Barber  Asphalt  Paving  Co.,  Philadelphia,  Pa. 
Cummer  &  Son  Co.,  The  F,  B.,  Cleveland,  0. 
Hauck  Mfg.  Co.,  Brooklyn,  N.  Y. 
Indiana  Foundry   Co.,   Indiana,   Pa. 
Pangborn    Corp.,    Hagerstown,    Md.   - 
Littleford  Bros.,  Cincinnati,  O. 
RobertKHi  &  Co.,  William,   Chicago,   111. 
Ruggles-Colea  Engineering  Co.,  New  York,  N.  V. 

HOISTING  ENGINES 
(See  Engines  —  Hoisting) 

HOISTS  —  BUILDERS 

American  Hoist  &  Derrick  Co.,  St.  Paul,  Minn. 

C.  H.  &  E.  Mfg.  Co..  Milwaukee,  Wis. 

Clyde  Iron  Works,  Duluth,  Minn. 

Hoisting   Machinery   Co.,   New   York,   N.   Y. 

Lidgerwood  Mfg.  Co.,  New  York,  N.  Y. 

Ban  some -Leach  Co.,  Dunellen,  N.  J. 

Smith  Co.,  The  T.  L..  Milwaukee,  Wis. 

Standard  Scale  ft  Supply  Co..  Pittsburg,  Pa. 

Waterloo  Cement  Machinery  Corp.,  Waterloo,  la.    ,.[ij 


Boston  BeJtiHK  Co.,  Boston,  Mass. 

Caetle,   Inc.,   Jub.   M.,   Fhiladelpkia,   Pa. 

Dominion  Asbestos  &  Rubber  Corp.,  New  York,  N.  Y, 

Goodall  Rubber  Co.,  Inc.,  PhiUdelphia,  Pa. 

Goodrich    Rubber   Co.,    B.   F„   Akron,   0. 

Simmons  Co.,  John,  New  York,  N.   Y. 

Union   Asbestos   &   Rubber   Co.,   Ghicago,   111. 

Woodward,  Wight  &  Co.,  Ltd.,  New  Orleans,  La. 

HYDRAULIC  MINING  GIANTS 
Hendy  IrMi  Works,  J.,  San   Francisco,  Cal. 

JACKS  —  HYDRAULIC 

Carpenter  &  Co.,  Geo.  B.,  Chicago,  111. 
Dudgeon,  Richard,  New  York,  N,   Y. 
Duff  Mfg.  Co.,  The,  Pittsburg,  Pa. 
Fairbanks  Co.,  The,  New  York,  N.   Y. 
Watson-Stilman  Co.,  New  York,  N.  Y. 

JACKS  —  RATCHET 

Buckeye  Jack  Mfg.  Co.,  Alliance,  O. 

Buda  Co.,  The,  Chicago,  III. 
Duff  Mfg.  Co.,  The,  Pittsburg,  Pa. 
McKieman-Terry  Drill  Co.',  New  York,  N.  Y. 
Oliver  Mfg.  Co.,  Chicago,  III. 

JACKS  — SCREW 

Buckeye  Jack  Mfg.  Co.,  Alliance,  O. 
Duff  Mfg.  Co.,  The,  Pittoburg,  Pa. 
Fairbanks  Co.,  The,  New  York,  N.  Y. 
Millers  Falls  Co.,  Millers  Falls.N.  Y. 
Spencer  Otis  Co.,  Chicago,   III. 
Wason  Mfg.  Co.,  Springfield,  Mass. 

LIGHTS  —  CONTRACTORS' 

Adams  &.  Westlakc  Co.,  The,  Chicago,  III. 

Carbic  Mfg.  Co.,  Duluth,  Minn. 

Dayton  Mfg.  Co.,  Dayton,  0. 

Hauck  Mfij.  Co.,  Brooklyn,  N.  Y. 

Macleod  Co.,  The,  Cincinnati,  O. 

Milburn  Co.,  The  Alexander,  Baltimore,  Md. 

United  States  Headlight  Co.,  Buffalo,  N.  Y.  Ccx)i)lu 


-  PORTABLE  ELECTRIC  PLANTS 
,  Mich. 


LOCOMOTIVE  CRANES 


American  Bridge  Co.,  New  York,  N.  Y. 

American  Hoist  &  Derrick  Co.,  St.  Paul,  Ifinn. 

AuBtin  Co.,  Inc.,  F.  C,  Chicago,  111. 

Brown  Hoisting  Machinery  Co.,  The,  Cleveland,  0. 

BucyruB  Co.,  So.  Milwaukee,  Wis. 

Buffalo  Hoiflt  &  Derrick  Co.,  Buffalo,  N.  Y. 

Osgood   Co.,   The,   Marion,   O. 

Pawling  &  Hamisehfeger  Co.,   Milwaukee,   Wie. 

Terry  Mfg.  Co.,  The  Edw.  P.,  New  York,  N.  Y, 

Thew  Automatic  Shovel  Co.,  The,  Lorain,  O, 

United  States  Crane  Co.,  Chicago,  III. 

LOCOMOTIVES 

American  Locomotive  Co.,  New  York,  N.  Y. 

Baldwin  Locwnotive  Works,  Philadelphia,  Pa. 

Davenport  Locomotive   Works,  Davenport,  Ilk. 

Dunkle  Co.,  Arthur  J.,  New  York,  N.  Y. 

Fate   Co.,   The   J.   D.,   Plymouth,   O, 

Koppel   iDdustrial    Car   &    Equipment   Co.,    Koppel,    Pa. 

Lima  Locomotive  Corp.,  Lima,  O. 

Mancha  Storage  Battery  Locomotive  Co.,  St.  Louis,  Mo. 

MarBh  &.  Co.,  Geo.  C,  Chicago,  III. 

Porter  Co.,  H.  K.,  Pittshui^,  Pa. 

Vutcan   Iron   Works,  Wilkes   Barre,  Pa. 

MIXERS  —  ASPHALT 

Austin  Co.,  Inc.,  The  F.  C,  Chicago,  III. 
Barber  Asphalt  Paving  Co.,  Philadelphia,  Pa, 
Koehring  Machine  Co.,  Milwaukee,  Wig. 
Lrakewood  Engineering  Co.,  The,  Cleveland,  O. 
Smith  Co.,  The  T.  L.,  Milwaukee,  Win. 
Turner  Oil  Co.,  Los  Angeles,  Cal. 

MIXERS  —  CONCRETE 

Abenague  Machine  Works,  Westminster  Station,  Tt. 

Austin  Co.,  Inc..  F.  C,  Chicago,  III. 

Blaw-Knox  Co.,  Pittaburg,  Pa. 

Chain  Belt  Co.,  Milwaukee,  Wis. 

Eureka.  Machine  Co.,  Lajieing,  Mich. 

Jaeger  Machine  Co.,  The,  Columbus,  0. 

Knickerbocker  Co.,  Jackeon,  Mich.  Conok' 
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Koehriog  Machine   Co.,   Milwaukee,  Wis. 

Lakewot^   Engineering  Co.,  Tlie,  Cleveltmd,  O. 

I-ansing  Co.,  Lansing,  Mich. 

Milwaukee  Concrete  Mixer  Co.,  MilwEiukee,  Wia. 

Ranaome-Leach  Co.,  Dunellen,  N.   J. 

Smith  Co.,  The  T.  L.,  Milwa.ukee,  Wia. 

Standard  Scale  t  Supply  Co.,  Pittsburg,  Pa. 

Waterloo  Cement  Machinery  Corp.,  Wfttcrloo,  la. 

Worthington  Pump  k  Machinet^  Corp.,  New  York,  N.  Y. 

MOTOR  TRUCKS 

( See  Automobilee ) 

PAINT  SPRAYING  MACHINES 

Adams  &  Biting  Co.,  Chicago,  III 
DaytMi  Mfg.  Co.,  Dayton,  O. 
De  VilbiBB  Mfg.  Co.,  The,  Toledo,  O. 
Goulds  Mfg.  Co.,  The,  Seneca  Fails,  N.  Y. 
Ingergoll-Rand  Co.,  New  York,  N.  Y. 
Macleod  Co.,  The,  Cincinnati,  O. 
Paaache  Air  Brudi  Co.,  Chicago,  111. 

PAULIN8 

Atlanta  Tent  &,  Awning  Co.,  Atlanta,  Ga. 
Carpenter  A,  Co.,   Geo.   B.,   Chicago,   111. 
Eberhardt  &.  Co.,   IndiHOapoliH,  Ind. 
Ilettrick  Mfg.  Co.,  The,  Toledo.  0. 
Humphrey's  Sihis.  R.  A.,  Philadelphia,  Pa. 
Johnson,  J.  W.,  Chicago,  III. 
Stanley,  Wm.   W.,  New  York,  N.   Y. 
Textile  Products  Mfg.  Co.,  St  Louis,  Mo. 

PIER  AND  FOUNDATION  PLANT 

Chicago  Bridge  &.  Iron  Works,  Chicago,  111. 

Foundation  C-o.,  New  York,  N.  Y. 

Great  Lakes  Dredge  t  Dock  Co.,  Chicago,  111. 

Raymond  Concrete  Pile  Co..  New  York. 

Western  Pipe  &  Steel  Co.  of  Cal.,  San  Francisco,  Cal. 

PILE  DRIVERS 
American  Hoist  &  Derrick  Co.,  St.  Paul,  Minn, 
Bucyrus  Co.,  The,  So.  Milwaukee,  Wis. 
Byers  Machine  Co.,  John  F.,  Ravenna,  0. 
Industrial  Works,  Bay  City.  Mich. 
Ingereoll-Rand  Co.,  New  York,  N.  Y. 
Lidgerwood  Mfg.  Co.,  New  York,  N.  Y.  ,,  Ccx)ijlu 


McKiernatv  Terry  Drill  Co.,  New  York,  N.  'Sf. 
Orton  &  Steinbrenner,  Chicago,  III. 
Union  Iron  Worka,  Hoboken,  N.  J. 
Vulean    Iron   Works,   Chicago,   III. 

PILING  —  CONCBETE 

Cranford  Paving  Co.,  Washington,  D.  C. 
Cnminings  Structural  Concrete  Co.,  Pittsburg,  Pa. 
MacArfhur  Concrete  Pile  ft  Foundation  Co.,  New  Tork,  N.  T. 
Massey  CoDcrete  Products  Corp-,  Chicago,  III. 
Raymond  Concrete  Pile  Co.,  New  York,  N.  Y. 

PILISQ  —  CREOSOTED   WOOD 

American   Creosote   Works,   Inc.,   New   Orleans,   La. 

Central   Creosoting  Co.,   Chicago,   III. 

International  Creosoting  &  Construction  Co.,  Galveston,  Tex. 

Pacific  Creosoting  Co.,  Seattle,  Wash. 

Republic  Creosoting  Co.,  Indianapolie,  Ind. 

Wyckoff  Pipe  4  Creosoting  Co.,  New  York,  N.  Y. 

FILING  — INTERLOCKING   BTEEL 

Cambria  Steel  Co.,  Philadelphia,  Pa. 
Carnegie  Steel  Co.,  Pittsburg,  Pa. 
Lackawanna    Steel    Co.,    Lackawanna,   N.    V. 

PIPE  — IRON  AND  STEEL 

Baker,  TTamifton  ft  Pacific  Co.,  San  Francisco,  CaJ. 

Clow  &  Sons,  Jas.  B.,  Ciiicago,  111. 

Cornell  A  Underbill,  New  York,  N.  Y. 

Du  Hois  ft  Co.,  F.  N.,  New  York,  N.  Y. 

Eagle  Pipe  Supply  Co.,  Inc.,  New  York,  N.  Y. 

Prick  ft  Lindsay  Co.,  Pittsburg,  Pa. 

La  Belle  Iron  Works,  Steubenville,  0. 

National  Tube  Co.,  Pittsburg,  Pa. 

Wheeling  Steel  ft   Iron  Co.,  Wheeling,   W.  V, 

PLOWS 
American  Steel  Scraper  Co.,  Sidney,  0. 
Ames  Plow  Co..  Boston,  Mase. 
Buffalo-Springfield  Roller  Co.,  Springfield,  O. 
Bureh  Plow  Works  Co.,  The,  Crestline,  0. 
Deere  ft  Co.,  Mollne,   111. 
Fresno  Agricultural  Works,  Freeno,  Cal. 
Hapgood   Plow  Co.,   Alton,  III. 
International  Harvester  Co.,  Chicago,  III. 
Oliver  Chilled  Plow  Works,  South  Bend,  Ind^_";j^j,^|c 


POST  HOLE   DIGGERS 

Columbus  Handle  &  Tool  Co.,  Columbus,  Ind, 
Empire  Plow  Co.,  Cleveland,  O. 
Iwan  Brothers,  South  Bend,  Ind. 
Richards- Wilcox  Mfg.  Co.,  Aurora,  111. 
Wyoming  Shovel  Worke,  The,  Wyoming,  Pa. 

PUMPS  —  CENTEIFUGAL 

AUie-Clialmers  Mfg.  Co.,  Milwaukee,  Viia. 

American  Well  Works,  Aurora,  111. 

Blake-Knowles  Works,  New  York,  N.  Y. 

Cameron  Steam  Pump  Works,  A.  S.,  Sew  York,  N.  Y. 

C.  H.  *  E.  Mfg.  Co.,  Milwaukee,  Wis. 

De  UibI  Steam  Turbine  Co.,  Trenton,  N.  J. 

Fairbanks,  Morse  k  Co.,  Chicago,  III. 

Goulda  iUe;.  Co.,  The,  Seneca  Falls,  N.  Y. 

Keystone  Driller  Co.,  Beaver  Falls,  Pa. 

Morris  Machine  Works,  Baldwineville,  N.  Y. 

Smith  Co.,  The  T.  L.,  Milwaukee,  Wis. 

Taber  Pump  Co.,  Buffalo,  N.  Y. 

Westin^ouse  Electric  ft  Mfg.  Co,  East  Pittsburg,  Pa. 

Worthinglon  Pump  A  Machinery  Corp.,  New  York,  N.  Y. 

Yeomans  Brothers  Co.,  Chicago,  III. 

Yuba  Mfg.  Co.,  Marysville,  Cal. 

PUMPS  —  DIAPHRAGM 

C.  H.  ft  E.  Mfg.  Co.,  Milwaukee,  Wis. 

Clow  &  Sods,  Jas.  B.,  Chicago,  III. 

Edson  Mfg.  Co.,  Boattn,  Mi  ss. 

Fairbanks  Co.,  The,  New  York,  N.  Y. 

Fairbanks,  Morse  ft  Co.,  Chicago,  III. 

Goulds  Mfg.  Co.,  Seneca   Falls,  N.  Y. 

Kj'B  Steam   Pump   ft   Machinery   Co.,   Chicago,   III.    (Trench) 

Smith  Co.,  The  T.  L.,  Milwaukee,  Wis. 

Worthington  Pump  &  Machinery  Corp.,  New  York,  N.  Y. 

RAIL  AND  TRACK  SUPPLIES 
Bethlehem  Steel  Co.,  So.  Bethlehem,  Pa. 
Central  Frog  &  Switch  Co.,  Cincinnati,  0. 
Fairbanks,  Morse  ft  Co.,  Chicago.   III. 
Klein-Logan  Co.,  The,  Pittsburg,  Pa'. 
I^ckawanna   Steel   Co ,   Lackawanna,   N.    Y. 
Lakewood  Engineering  Co.,  The.  Cleveland,  0. 
Light  Railway  Equipment  Co.,  Philadelphia,  Pa,      Cooijlu 
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MechanicB.!  Mfg.  Co.,  Chicago,   III. 
Morden   Frog  ft  CroBsing  Works,  Chicago,  III. 
Standard  Rail  i  Steel  Co.,  St.  Louis,  Mo. 
Track  Specialties  Co.,  New  York,  N,  Y, 
Zelnicker  Supply  Co.,  Walter  A.,  St.  Louis,  Mo. 

RIVETERS  —  PNEUMATIC 

Chicago  Pneumatic  Tool  Co.,  Chipago,  III. 
Cleveland  Pneumatic  Tool  Co.,  Cleveland  0. 
Independent  Pneumatic  Tool  Co.,  Chicago,  III. 
Ingersoll.Rand  Co.,   New  York,  N.   Y. 
Keller   Pneumatic  Tool  Co.,  Grand   Haven,   Mich. 
Pittsburg  Pneumatic  Tool  Co.,  The,  Canton,  O. 
WateM-Stillman  Co.,  New  York,  N.  Y. 

ROLLERS  — ROAD 

Acme  Road  Machinery  Co.,  Frankfort,  N.  Y. 

Austin  Mfg.   Co.,   Chicago,  111. 

Baker  &  Co.,  A.  D.,  Swanton,  O. 

Barber   Asphalt  Paving  Co.,   Philadelphia,   Pa. 

Buffalo-Springfield  Roller  Co.,  Springfield,  O. 

Erie  Machine  Shops,  Erie,   Pa. 

Good   Roads   Machmery   Co.,   Kennett   Square,   Pa. 

ROPE  — WIRE 
American  Steel  ft  Wire  Co.,  Chicago,  III. 
Fisher  ft  Hayes  Rope  ft  Steel  Co.,  Chicago,  IlL 
Leschen  ft  Sons  Rope  Co.,  A.,  St.  Louis,  Mo. 
Roebling'e   Sons   Co.,  John   A.,  Trenton,   N.   J. 
Wat«rbury  Co.,  New  York,  N.  Y. 

SAND  BLAST  MACHINES 

Macleod  Co.,  The,  Cincinnati,  O. 

ilott  Sand  Blaet  Mfg.  Co.,  Chicago,  III. 

Pangbom   Corp.,    Hagerstown,    Md. 

Rich  Foundry  Equipment  Co.,  Chicago,  111. 

SAND  AND  GRAVEL  WASHERS 
Bicnantz  Stone  Co.,  Winona,  Minn. 
Link-Belt  Co.,  Chicago,  111. 

SAW   MILLS  —  POfRTABLE 

American  Saw  Mill  Machinery  Co.,  New  York,  N.  T. 
Badger  Gas  ft  Gaaoline  Engine  ('o.,  Kansas  City,  K«ll. 
C.  H.  ft  E.  Mfg.  Co.,   Milwaukee,  Wis.  CoO'^k' 


SCALES 
Buffalo   Scale   Co.,   Buffalo,   N.  Y. 
Cincinnati  Scale  Mfg.  Co.,  Cincinnati,  O. 
Fairbanks,  Morse  &  Co.,  Chicago,  111. 
Howe  Scale  Co.,  Rutland,  Vt. 
Standard  Scale  &  Supply  Co.,  Tlie,  Pittsburg,  Pa. 

SCARIFIERS 

Austin  Mfg.  Co.,  Chicago,   111. 
Buffalo-Springiield  Roller  Co.,   Buffalo,  N.  Y. 
Good  Roads  Machinery  Co.,  Kennett  Square,  Pa. 
Hyass  &   Co.,   Cha«.,   New  York,  N.   Y. 

SCRAPERS 

American  Steel  Scraper  Co.,  Sidney,  O. 

Freano  Agricultural  Works,  Fresno,  Cal. 

Good  Roads  Machinery  Co.,  Kennett  Square,  Pa. 

Holt  Mfg.  Co.,  Stockton.  Cal. 

Kilbourne  &  Jacobs  Mfg.  Co.,  Columbua,  0. 

Lansing  Company,  Lansing,  Mich. 

SI uaaer -McLean  Scraper  Co.,  Sidney,  O. 

Stroad  1  Co.,  Omaha,  Neb. 

Western   Wheeled   Seraper   Co.,   Aurora,   111. 

SCREENS  — SAND,  GRAVEL  AND  BROKEN  STONE 

A  Ilia- Chalmers  Mfg.  Co.,  Milwaukee.  Wia. 

Audubon  Wire  Cloth  Co.,  Inc.,  Audubon,  N.  J. 

Austin  Mfg.  Co.,  Chicago,  III. 

Buffalo   Wire   Works   Co.,   Buffalo,   N.   Y. 

Cliicago  Perforating  Co.,  Chicago,  III. 

Good  Roads  Machinery  Co.,  Kennett  Square,  Pa. 

Link-Belt  Co.,  Chicago,  111. 

Littleford  Bros.,  Cincinnati,  O. 

Sackett  Screen  A  Chute  Co.,  H.  B.,  Chicago,  III. 

Western  Wheeled  Scraper  Co.,  Aurora,  III. 

SHOVELS  — HAND 

Baldwin  Tool  Works,  Parkersburg,  W.  Va. 
Carpenter  4  Co.,  Geo.  B.,  Chicago,  111. 
Fairbanks  Co.,  The,  New  York,  N.  Y. 
PittsburK  Shovel  Co,,  Pittsburg,  Pa. 
Shapleiga  Hardware  Ca,  St.  Louis,  Mo. 
Wyomijig  Shovel  Works,  The,  Wyoming,  P*. 
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SHOVELS  —  STEAM . 

BucyruB  Co.,  The,  So.  Milwaukee,  Wis. 
Dunkle  Co.,   Arthur  J.,   New   York,  N.   Y. 
Fairbanks  Steam   Shovel   Co.,  Marion,  O. 
Hoisting  Machinery  Co.,  New  York,  N.  Y. 
Hunt  Co.,  C.  W.,  New  York.  N.  Y. 
Keystone  Driller  Co.,  Beaver  Falls,  Pa. 
Kilbourne  &  Jacobs  Mfg.  Co.,   Columbus,  0. 
Marion  Steam  Shovel  Co.,  Marion,  O. 
Orton  &  Steinbrenner  Co.,  Chicago,  111. 
Osgood   Co,,  The,  Marion,  0. 
Thew  Automatic  Shovel  Co.,  The,  Lorain,  0, 
Toledo  Foundry  &  Machine  Co.,  Tolodo.  0. 


Lakewood  Engiileering  Co.,  The,  Cleveland,  0. 

Littleford  Bros.,  Cincinnati,  O. 

Stuebner,  Geo.  L.,  Long  Irfand  City,  N.  Y. 

SPRINKLING  WA,GON 

Acme  Road  Machinery  Co.,  Frankfort,  N.  Y. 
Austin  Co.,  Inc.,  F.  C,  Chicago,  111. 
Austin  Mfg.  Co..  Chicago,  111. 
Birch,  Jajs,  H.,  Burlington,  N.  J, 
Streich  A  Bro.  Co.,  A.,  Oshkosh,  Wis. 

STUMP  PLXLEfiS 

Bennett  &  Co.,  H.  L.,  Weaterville,  0. 
Clyde  Iron  Works,  Dulutli.  Minn. 
Hercules  Mfg.  Co.,  Ccnterville,   la. 
Indiana  Foundry   Co.,  Indiana,  Pa. 
Milne  Mfg.  Co.,  Monmouth,  HI. 
Niver  Iron  Works  Co..  Muscatine,  la. 
Sasgen  Derrick  Co.,  Tlie,  Chicago,  111. 
Smith  Mfg.  Co.,  La  Crosse,  Wis. 
Swenson  Grubber   Co.,  Cresco,   la. 

SURVEYORS'  AND  ENGINEEBS'  INSTRUMENTS,  ETC. 

Alnsworth  t  Sons,  Wm.,  Denver,  Col. 

Bauseh  &  Lomb  Optical  Co.,  Rochester,  N.  Y. 

Buff  &  Buff  Mfg.  Co.,  Boston,  Mass. 

Diet^en   Co..   Eugene,   Chicago.   111. 

Elliot  Co.,  B.  K.,  Pittsburft,   Pa. 

Gurfev,  W.  &  L.  E.,  Troy,  N.  Y. 

Keuffel  ft  Eh8*t  Co.,  Hoboken.  N.  J.  ^  ■ 

Leitz  Co.,  A..  San  Francisca,  CW.  c.t.ooglu 


P«*Be  Co.,  The  C.  F.,  Chicago,  111. 
Williams,  Brown  &  Earle,  Inc.,  Philadelphia, 
Young  t  Sons,  Philadelphia,  Pa. 

TAMPERS  — POWER 


TELEPHONES  — DESPATCHING  SYSTEMS  &  EQUIPMENT 

Ketlo^  Switchboard  £  Supply  Co.,  Chicago,  III. 
Stentor  Electric  Mfg.  Co.,  Long  Island  City,  N.  Y. 
Western   Electric  Co.,   Chicago,   III. 

TENTS   AND   CAMPING   EQUIPMENT 

American  Tent  &  Awning  Co.,  Minneapolis,  Minn. 
Amea-HarriB-Neville,   San  Francisco,  Cal. 
Atlanta  Tent  ft  Awning  Co.,  Atlanta,  Ga. 
Baker  ft  Lockwood  Mfg  Co.,  Kansas  City,  Mo- 
Carpenter  ft  Co.,  Geo.  B.,  Chicago,  111. 
Eberhardt  ft  Co.,   Indianapolis,  Ind. 
Hettrick  Mfg.  Co.,  The,  Toledo,  O. 
Johnson  Co.,  J.  W.,  Chicago,  111. 
Portland  Tent  ft  Awning  Co.,  Portland,  Ore. 
Wheeler  &  Co.,  H.  A.,  Boston,  Mass. 

TEACTORS  — GASOLINE  AND  KEROSENE 

AlliH-ChalmerB  Mfg,  Co.,  Milwaukee,  Wis. 
Buffalo  Pitta  Co.,  BufTalo,  N,  Y. 
Bullock  Tractor  Co.,  Chicago,  111. 
Dayton-Dick  Co.,  Quincy,  111. 
Fairbanks,  Morae  Co.,   Chicago,   III. 
Garford  Motor  Truck  Co.,  Lima,  0. 
Holt  Mfg.  Co.,  Stockton,  Cal. 
Little  Giant  Co,,  Mankato,   Minn. 
Mercury  Mfg.  Co.,  Chicago,  III, 

TRAILERS 
Electric  Wheel  Co.,  Quincy,  111. 

Koppel  Industrial  Car  Equipment  Co.,  Koppel,  Pa. 
Lakewood  Engineering  Co.,  The  Cleveland,  O. 
St.   Louia  Truck   ft  Mfg.   Co.,   St.   Louis,  Mo. 


TRAILERS  —  AUTOMOBILE 
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Columbia  Motor  Truck  &  Trailer  Co.,  Fontiac,  Micb. 

Detroit  Trailer  Co.,  Detroit,  Mich. 

Glen  Wagon  &  Car  Corp.,  Cortland,  N.  Y. 

Loa  Angeles  Trailer  Co.,  Loa  Angelea,  Cal. 

Ohio   Trailer   Co.,   Cleveland,   Cal. 

Troy  Wagon  Works,  Troy,   N.  Y. 

TRENCHING  MACimiRS 


TEUCKS  — LOGGING  AND  LUMBER 

Electric  Wheel  Co.,  Quincy,  III. 
Empire  Mfg.   Co.,  Quincy,  III. 
Holt  Mtg.  Co.,  Stockton,  Cal. 
Internationa)  Harvester  Co,,  Chicago,   111. 
Kilbourne  &  Jacobs  Mfg.  Co.,  Columbus,  O. 
LewiB-Shepard  Co.,  Boston,  Mass. 
Mercury  Mfg.  Co.,  Chicago,   III. 
Ramupo  Iron  Works,  Hiliburn,  N.  Y. 
Streich  &  Bro.  Co.,  Oshkosh,  Wis. 
Troy  Wagon   Works  Co.,  Troy,  N.  Y. 
Zering  Mfg.  Co.,  The  H.,  Cincinnati,  0. 

UNLOADING  MACHINES 

BucyruB   Co.,    So.    Milwaukee,   Wis. 
Burch  Plow  Works  Co.,  The.  Crestline,  0. 
Lidgerwood  Mfg.  Co..  New  York,  N.  Y. 
Marion  Steam   Shovel   Co.,  Marion,  0. 
Rodger   Ballaat   Car  Co.,  Chicago,  III. 

WAGONS 

Acme  Wagon  Co.,  Emigsville,  Pa. 
Auburn   Wagon   Co.,   Martinsburg,   W.   Vs. 
Burch  Plow  Works  Co.,  The,  Crestline,  0. 
Columbia  Wagon   Co.,  Columbia,  Pa. 
Electric   WTieel   Co.,   Quincy,   111. 
Holt  Mfg.  Co.,  Stockton,  Cal. 
Hoover  Wagon  Co.,  York,  Pa. 
Indiana  Wagon   Co.,  Lafayette,   Ind. 
International  Harvester  Co.,  Chicago,  III. 
Leonhardt  Wagon  Mfg.  Co.,  Baltimore,  Md. 
Owensboro  Wagon  Co.,  Owenaboro.  Ky. 
Randolph  Watron  Works.  Randolph,  Wis. 
Streich  &  Bro.   Co.,  Oahkosh,  Wis. 
Tiffin  Wagon  Works  Co.,  Tiffin,  0. 
Troy  Wagon   Works  Co.,  Troy,  N.  1 
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WAGON  LOADERS 


Barber-Greene  Co.,  Aurora,  III. 
Chain-Belt  Co.,  Milwaukee,  Wis, 
GilTord-Wood  Co.,  Hidson,  N.  Y. 


Ranaonte-Leach  Co.,  Dunellen,  N.  J. 
Smith  Co.,  The  T.  L.,  Milwaukee,  Wia. 
Western  Wheeled  Scraper  Co.,  Aurora,  IlL 

WELDING  AND  CUTTrN'G  APPARATUS  —  ACETYLENE 

Ameriean   Weldinjf  Co.,   Chicago,   111. 

Carhic   Mfg.   Co.,  Duluth,  Minn. 

Da  V  is- Bourn  on  vi  lie  Co.,  JerBey  City,  N.  J. 

:\Iapleod  Co..  The,  Cincinnati,  O. 

Milburn   Co.,  The  Alexander,   Baltimore.  Md. 

Oxweld  Railroad  Service  Co..  r'hicago,  III. 

Safety   Car  Heating  &.   LiRhting  Co..   (lew   York,   N.   Y. 

WHETRLBARROWS 

American  Steel  Scraper  Co..  Sidnty,  O. 
Chattanooga  Wheelbarrow  Co.,  Chattanooga,  Tenn. 
ronsolidated  Iron   Works;  Hoboken,  N.  J. 
Continental   Car  Co.   of  America.   T-ouiBville,  Ky. 
Kilbourne  4  Jacobs  Mfj;.   Co.,   Columbus,  O. 
SterlinK  Wheelbarrow  Co.,  Milwaukee.  Wis. 
I'nion  Iron  Works,  Hoboken,  N.  J. 
Western  Iron  Works,  San  Francisco,  Cal. 

WINCHES 

American  Hoist  4  Derrick  Co..  St.  Paul,  Minn. 
Cnrpeuter  4  Co..  Geo.  B..  Chicago,   111. 
Clvde   Iron  Works.   Duluth,  Minn. 
Hoifltinp  Machinerv  Co.,  New  York,  N.  Y. 
Sasgen    Derriek    Co.,    Chicago,    Hl- 
Stor  Machinery  Co.,  Seattle,  Waeh. 


c.  Google 


c.Googlij 


INDEX 


Adlaluttc    I 

Aftoroxdar  tor  Comin^aHd  I 
Air  GcuapnwHfln   ,  ^  ^ .  ^ 

Attercoolar    

Boiler    Bqulpueat    toi. 

C«rB  of    

OooUng  Dsvii 

0«t   o(    Ir" 

Enelencr  i 

Exphaloai 

Fomulu    of    Coals 

IiOcaniatiTe  Typ«    

PoMbte     

PorWble  Electric   . . 

Portable    GMoUne    

Becelren     

^nple    SiTktght    Line 
SiDKle    8t«se   Vertical .... 
Two   SUge   Power   Driven 
Two   Stage    StemB    Di4*en 

Air   Ooiunmption    of    DcillB , . . 

Angle    Bendera     

Appeadii — Lilt     of     Conslrae- 
tioa    E^quipiDflnt    Mann- 
factnrera  and  tkealeri.  .    8 
Bnilding  "-1^".'.'//.'.'.'/. 

Asphalt   Hand    Boiler  ".'.'.'.'.'.'. 

Pan     for'  *  BihiaUng  '  Old 

Material     

PBTing       Md       Repairing 

Bqoipnjent     

Plant,  Coin  af  Operitton. . 

Repair  Plant 

Tool   Rre    Wagon 

Tool  Furnace    

Tool.    

Augera,    Slatting    

Ship     '.'.'..".'.'.'.'.'.'.   a 

Auto    Crane    \ 

Aulomobilei     

Oorta.  Pauenger  Can   .  .  . 

pMeenger  Curs    

Tmcka         (Bee        Hotor 

.    Tmcka)     1 


Backfilling    1 

QaeoUae    i/nven    

Wagons     ; 

BackflUiog  With  a  Bend  RoUar 

BaQait    Forks j  8 

Bar  Bender,  C«t  ol  Opemtinl 

Bendan,  Home  Uade  Benck 

Bending  Machinea  -. . 

Cutter,  Home  ilade   !  .  .  .  . 
Bars,   Crow,   IjiuiBg.  eiaw  and 

Barges  and  Bnwb 

Bargea,    Model    

Bteel 

Wood 

BeK    ConTojrors    (See    Ooniey- 

ors)      1 

Elevator  1 

Belting.  Canvu.  Leather,  Link, 

and  Bnbber    

BeHing  for  Pirwer  Purposes. , . 
Bendera.    Angle     

Deriee  to  Keep  Bars  from 

Power  Operated  

Bending  Uaeninea   

Pipe 

Bins    ; 

ChBiging  JliMr    ........    i 

CoDcrele  AggregBt«s 

Portable    

BlBcfcsmilha'  Porges 8 

Blacksmith  Shop  Outfit 

Blasting  Augers i 

■    Capi     

Tuae     

Mactainea .,...,. 

Bfsta     

Powder    (see   Eiploaites).    8 

SnpBlies     

Thawing    Kettles    

Wire     

BkKks,    Chain 1 

Derrick,  Qin,  Hoisting  and 

Blue   PriSt  ¥nat»".V.'..'.'.'.'.'. 

Hailiinea   

Rack    


Otcme   7a» 

Tiyw    761 

Boilen,  C*ra  of  ^ ,  . . .  90 

Horn    FowsT   EatlmMing.  SI 

Portibls BB 

Betiun  Tnbulmr    Sft 

UprigM 8» 

Bol«  Cultar   .4Sa  . 

Brick  BMIar   .'..'.'..'.'.'.'  98 

Bucket*     98 

Bottom  Dumping 94 

CsDter   Donp 96 

Otam    SbeU     97 

cm  Taba 91 

Ooacrete  Placing    ...  167 

OoDtnictora'    Tubi    95 

CouBterwd^    Drum   for.  102 

Drai  BcT*p«T   ■  262 

Hlniatiire'  BicivBtiiis  ".'.'.  100 

Onnie  Peal   M 

Seraper  Cl>m  Shell   96 

WeiAt  ot  Uateiilk  Hand- 
led  wltb 93 

Building  Fatt,  Aabcato*   SS 

CoDtractora'  PorUlile  iron  105 

Bull-Doains     .'.'.'.'.'.'.'.'. '.'.'.'.'.'.  419 

Bank    Eonua    112 

PoHable  SacUoatl   109 

BnmflTa,  EerOflena  ..,..-...-  466 

Cable    Crane.    Balanced     126 

Cabk,  Win  (Bee  Bope)    SSO 

CaWewaya    116 

Coaatlnc     12S 

CoaU^    Ill 

Data,   Coits,   elf 129 

Derrick  Combiosllon   137 

DeaerinUon  of 116 

Drag  Beraper  Outfit  Coatl  264 

Life  of  Main  Cable 127 

Marine  Rock  Traniportlng  130 

Cableway    ekipa    72S 

sup  Damping  Device  . . .  129 

BTatems 117 

Towora    138 

Tranehlng   Ifacbine    773 

Calking,  Coal  of  Pneumatic    .  .  463 

Campa,    Car    lOT 

CoDnmrtloa 110 

Oanvaa  Belting 70 

Carbido 466 

Lighta'     467 

Car  Chutea    16S 

Car   Unloading  Chnta    165 

Car* 1S3 

Bott<»n  Dump 116 

Compartment  Trpe  9t  Rack 

Car 145 

Oonerete    Plant    . .  141 

Coat    ol    ElcaTatiag    with 

Car   Equipment    1S4 

Cort  ot  Handling  Earth  of 


rial  and  Air  Dump 

Depieclation    and    Bep^n 

Plat    

Qable    Bottom    

Hand  and  Inspection  .... 

Platform    

Pointa     to     be     Noted     in 

Ordering     

'  EflTolring  Dump  ........ 

'   '     iteel   Dump 

Two-War  ^de  Dump  .... 
Carta     

Brick    , 

Gaatdlna    Tnek    

Cost  with    

Uetbod  oi'HaDli'iig  wUh'.' 

Pick   Up    

Tra*h 

CamenI,   Aiheatga   , 

Coat  of  Work'  '.'.'.'.'.'.'.'.'.'.'. 
Coet  of  Cement  Sand  Ooat- 

Cemenl  Teeling  Apparatui . . . . 

Cement    Workers   Toole    

Chain    

3dta     

Care  at".'-'.'.'. .'.'.'. '.'.'. '.'.I 

Weight  and  BtnugUi  i^ 
Channelrcs , 

Elaclric  Air 

C^iemkal    Engines    

Obura  Drill* 

AdTantages   of    

Chum  Drilling,  Cost  of 

Chntas   

Car 

CoDcrele   Flscing    

Wagon    

Clam  Shell  Buckets    

Olam  Shell   Dredge    

Claw  Bars 

Clearing  LiDd  of  Stump*  with 

Power    

Clearing  Land  with  D]inamil«. 

Ooinpressed  Air,   Principlaa  of. 

Frirtion  of  Vahes,  Tees 
and  Gtbows 

MeUiods  ol  Cooling    

Plant   far    Contracting-  .. 

Transmission  In  Pipes  .  . 
Oompnasors     (See    Air    Coas- 

preasori)      

Concrete  Carte   ISO, 

Forms  tor  Bosd  Work    .. 

Orsvity   Flant  Carried   on 

Uiiers      '.'..'.'..'.'. 

Hlxar  Heating  AtUchment 

Mixing  Plant,  Coat  of 

Mixing  and  Placing, 
Foeumatic    


PaTflT  mod  V]xer   ,  - 4 

PilBi     B 

Pl»cln*  Equipment 1 

PlHcinc  Tovrara.   ComptrH- 
Utb   Con  at  Wood   sod 

Steel 1 

PUcIdC  Towotb,  CoiDpsriioa 
batmen  Steel  and  Wood  1 

Plant  Oars    1 

plant  on  a  Barn   5 

Plant.  Portable,  foi  Miiine 
■nd      ConferliiK ;       Lnboi 

Ooete    1' 

Sidewalk  and  Cvib  Farma  1 

Sidenalk  Tooli .    1 

ConreyorB 1 

BeK    .  . . . ; 1 

Belt  CanTeror  Used  In  Ei- 

cavBtinE    1 

Beltft     Nnmber     of     Pliea 

Neceuarr 1 

Oapadtf  of  Belt 1 

Coat  of  Belt  Coniaj'ors   .  .  1 
Coet    nt    Leadini     BrickB 
with  Portable  Belt  Con- 
veyor        2 

Coat    of    Uoloadlu     and 
atari  ns      Cm\      With       V 

Bntfcet  CoDTefor    I 

Pltght    1 

Portable     2 

Power  Required 1 

Scoop   ....   2 

Speeds  for  Various  Maler. 

lala II 

Steel  Incliae  and  Tipple. .    I 

Trippen    1 

Wear  of  BeKl 1 

CooHnE  Compreaaed  Air    

Cooling    DeTieea    for    Air   Cem- 

Co«  Data.  Uae  of 

Coat.     Bee     Under     Eqnipmant 

Covera.  Canvia S 

Cranf,  Auto    4 

Balanted   Cable 1 

Electric  Uacnata  for    4 

lioeomotiro  * 
Pile    Dritini 

tor    

Tractor    4 

Crimpera,  Bar 

Croiheta    2 

ComparlaoD     of     Orraton' 

and  Jaw    2' 

COmparlaoii      of      Moriet 

Pricea  of  Slona  with .  . .   E 
Coat  of  Operatine  Plant.  .   2 

Elevator  for  Uae  witb 2 

GyratoTT    3 

Jaw   2 

Ovtpnt  of  Stone  Cmalien.   3 

Bwalra    2 

SeS-Contained         Portable 


Ontb  and  Sidewalk  Forms  . . .  1 
Cotter,   Bar    

Dep>«ciatian  of  Eqaipmeut .... 
DMTicli,    ArraBfement  to   Pre- 
vent   Twiatinf    of    Fall 

Block    a 

Coal    of    Removing    Stone 

from  TroDch   2 

Eieavato™     7 

Quarry,  Cost  of 2 

DerrlckB 2 

Boilden  Small 2 

Bnll  Wheela  tor   . 2 

Cableway    Combination...    1 
Floating     2 

l™    Woikfw'sUli'Lii  ^ 

Derrick    2 

Jinniwink    2 

lletbDd  of   DepoBiting   Ma- 
terial Beyond  Reach  of 

aiiia"^s".'.'.'.'.'.V.'.'.'.'.'.  2 

Diamond  Dnllinc S 

Dipper  Dredgea    3 

DItioc  Apparatus,  SeleelioD  of  2 

Divins.  Hotea  on   2 

Divine   Ontflls    2 

Doan  Scrapera   4 

Dragline  Backfilling  Macblnea. 
Draf-Line  Cableway   Etcavatoi' 

Coat    2 

Dratlines,  Coat  of 2T2,  2 

Electrically  Operated    ....  2 

Electric,  Work  with 2 

Qaaoline  Operated    3 

Drag,    Road     41S,  4 

Drag   Scrapers    S 

Bottomleaa 2 

Buckets  for 2 

Coat    of    Leveling    Ground 

with    3 

rsbleway  Ontf  ta 2 

Bicsvalore     2 

Tower  for    2 

Tower,    Bill    of    lUteriala 

for    2 

DrawioK   Boards .  3 

Dredfe  Engines 4 

Dredges    2 

Coat    at    OUKoroia    Gold 

Predg«s S 

Coat  of  Operation 2 

Dipper   3 

Dipper,  Coat  of    2 

Grapple    2 

Hydraulic  , S 

iXnA    ..'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.  a 

Uelhod  of  Operating   ....  2 

Track-Type    2 

Walking     2 

Dredgework.  Cost  of    2 

Dredging  Plants,  Coal  of  Opera- 
tion       3 

Selection       of       Operating 
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Drier,    Sand    

Drill.  Uachine  . . . 

Driller,   Electric  1 

DrilUag,    DImiiwiid    a 

Ebctrlc  Wall  DriUai S 

W«h  Boilllf    S 

DrillB     8 

Air  CWHumption 

Air   Feed   or   Btnw SI 

BlKkBOiiUi     -  .  .  S 

Chuinelera     8 

Chum    3 

OhuTS,  Advintares  of  ...  3 

Chnm,  CoBt  ot  Drinins  . .  8 

Electric  AJr  ObsDDeler    . .  3 

Electric   Air    3 

FiahiDE  Tnolii  for   3 

Smdder     3 

Quirry  Bare  for 3 

Sand  Hammer   « 

Inronnittati  Co  be  9nppl<ed 

in   OrderinE    B 

LishI  Hand  Hammer 8 

Monnted  Hammer 3 

Mounted    PisMn     8 

PeriorioancB        ni      Bmall 

Pneumatic    Piitiin  ".'.'.'.'.'.  S 

Rijwy  EDiot    8 

Bbarpenlnc  Hachinea  for.  S 

Sharpenine,  Ooit  at 3 

SounilinK  IWj   3 

SubaqneoiH      Driltiog     by 

Bsrce  Method 8 

Snbaqneoas     DrtlUnE    by 

PlBtform   Method    3 

Snbmarlne 3 

Drill  Sleei  for  Drilla   S 

Drill  Wajona    8 

Drum  Counterweight  for  Buek- 

I>TDm,  Rope  Capaeitr  of   4 

Dump  Bodiw  for  Uoior  Trncke  5 

Dump  Wsfona    T 

Dynamite 3 

Earth,    BhriakaEe    ot    Bmbanli- 

Economic    Operation,    Featores 

Bearing  Upon  U 

BiBciency    of    CumprBiiora     at 

Variooe  Elevations 

Electric   Generalora    3 

Light  Planta   4 

Magneu  for  Cranee   ,    ...  4 

Uolon    8 

Power,       Cost      Compared 
with      Qatoline,      ateam 

and   Gbb B 

ElevBtinE  Graders    B 

EleTBtors.    Belt    1 

For  Cniahera    Z 

Hatorial     ...  4 

TriTellDC * 


Care  of   Oaeoline   Eatpnea 

ia  FrsBiing  Weather   ■■ .   3 
Cbomical    Fire    3 

G^ne  ■■■:::;;;::;;;:  a 

Hoistinit    4 

Horee  Tower,    Method    of 

EsUmatlng     3 

Steam,  Mounted  on  Boilere  3 

Steam,   Portable    3 

fiteam.    Simple    3 

canting  Bucketa.    MioUture.  I 
CBTalars  (See  Backets.  Drag 


StwrelB    and    Trenching 
and  Ditching  Uacbines) 
Excavator.    OBsqliHe    tor    Oper- 
ating   Backet    1 

Travelmg 2 

Trench.    Steam   and   Gaso- 

Uno  Driven    7 

EiploaionB  in  Air  Corapreasors 

and  Receiaers 

BiplMlTea B 

Ammonia  Dynamite    , . . . .  3 

Blaating  aebtiq   3 

Dynamite 3 

Gelatin    Dynamite     3 

GuDpowdei 3 

JndBon  Powder 3 

Magaiinea.      Specificatioas 

for    3 

Nature  ot,  Action  of 3 

Nitre  Powder    . S 

PermiBBible    3 

Semi-Gelatia    3 

Soda   Powder    3 

Storeheuaes S 

Table      al      Slieg      and 

Weightfl  of  Caeea  .....  3 

ExtingalihetB.  Fire    3 

Feh,  Aabestes  Building   

Pire  Equipment 3 

Hoae     3 

Hoae    Back! 3 

Wagon   tor   Asphalt   Toole 

Flight  CimverarB    1 

Forgee,    Blackamitlis'    8 

FoTlig,    Stone  or  Ballaet   .....  3 

Form  Buckets  . 

FbmiB.  Buildine 8 

Column    3 

Steel  Building 3 

Foundation    and     Pier    Equip- 

Freano  Scrapers'  []'.]'.'. '.'.'.l\\  S 

'*""  Handfing  of  Earth  witb  S 

PumBce    for    Aaphfllt  "TooIb!! 

Purnaces,    Gasoline    8 

Kerosene    3 

Lead     Melting     380,  G 

FuiB,    Blasting     


846  1 

Ukinlciunee  and  Repairs.    4 

BMiim.  Coupled'  .'!  !!!'.!!  I   4 

Traclive  (area  of    4 

LocamotiiB  Aii    Compresaan    . 

IrUcliiDe  Stop  BosU    4 

Coal  of  Electric  Pdw«t  tor  4 

Poitftbifl! ',!!!!!!!!!!!!!  4 

Higsziaeg,   Eiplael<«s    S 

SpeciflcilioDi  tor  Di^iuiiiite  3 
UagDeU,  Electric,  tor  Cranes..   4 

UbIT   BlBBtiuf    

Huoek*  *nd  Picks 5 

Uethodi  of  CoDstruction,   Rels- 
tlTe  Importaaca  of   .... 

Mill  Board.  Aabeatoi . 

Uining  Qianta,  Hydraulic 4 

MlMtB    4 

Adapted  for  Road  Work. .   fi 
Aspball,  Cut  oE  Placine. . 
Compariaoo     of     Coat     ot 
Rented  and  Owned S 

Continuoos  '  WIW'.'.'.W.'.   5 
OrBTltf     6 

Uonsr '!!  1 !!!!!!!!;!!! ;  4 

Placing  Plant   4 

Plant.    Aapbalt    

Pnenmalic       Hiier       and 

Placer    5 

Uiiing  Plant,  Coat  ct   6 

Mixing     and     Handling     Plant 

Mounted  on  a  Barge   , .  5 

Uortar  Mixer    4 

Motora.    Alternating    OarreQt.  ,  3 

Direct  Current   3 

Electric    3 

Motor  Trucks.  Coat  of   6 

OosI    of    Delivarint    Sand 

and  Gravel    E 

Coal,  Faclori  Bearing  upon 

Coal  "of  ■  Hauling'  Oravel 

with  7  "4  Ion  Track  . . .  B 
Cost  of  Owrating.  T-bl-  5 
Coat  ot  OperaHng,  Table  B 
Cost  ot  Truck  and  Trailer 

Operation    525,  5 

Coat  ot  Truck  and  Trailer 
Operation   Compared    .  .    7 

Dump  Bodies  tor   5 

Speeds    tor    5 

Yardage  to  Normally  Load  S 
Mgles  and  Horses    4 

Operation,      Features      Bearing 

Orango"peel  BuclTelB ''.'.'.'.'.'.'.'. 

Pack  Animals,    Rulea  for 4 

Painting    Machines     5 

Painting,  Test  of  Machine  and 

Hand  Work    S 

Pan  tor  Reheating  Old  Aiphall 


Paying    and    Repairing    Equip- 
ment tor  Asphalt 

Photography    6 

Picks  and  Mattocks    B 

Pier    and     Foundation     Equip- 
ment        S 

Pile,   Band   Fuller    B 

Drlyera    S 

Driver.      Small,      Cost     of 

OaDstrncting   5 

DriTer,  Steam  ot  Air  Ham- 
mer   .    S 

DHving      AtUcbmenC      tor 

Driving  Coat  with  Oasoliae 

Driver  Operation  ".'.'.'.'.'.'.    5 
PenetraUon  with  and    with- 
out Water  Jet 5 

Piles,    Concrete    5 

San  Outats  for  Cutting  off 

Driven e 

Piling     B 

Cost  of  Round  Pile  Work.    5 
Coat  ot   Sheet  Steel  Work 

547.    5S8.  S 

Friestedt    . : 5 

Jones   &  Laughlin    G 

Method    ot    Driving    Sheet 

Piling     5 

Pulling    Sheet   Piling  vlth 

Steam  Hammer S 

Bymetrlcal  Inlerloch  Chan- 
nel Bar   6 

Test  ot  Driving  Sheet  Pil- 
ing       6 

United  Sutes  Steel  Sheet.    5 
Used     in    Closing    Leroe 

Breaks   B 

Pipe  Bending  Machines    

Pipe,   Cast  Iron   5 

Cast  Iron.  Standard  Thick- 
ness ^nd  ^yeiEbts S 

Coat  ot  Laying  .'.'.'.'.'.'.'.'.    5 

Line   Tools    5 

Standard  Sleel   5 

Sewer R 

Pipes,  Equation  of 6 

Piston    Drills,    Pnenmatic    3 

Placing    Plant,    Miser    4 

Plant,    Cost    ot    Road    Making 

aie,   6 

Insurance      and       Storage 
Dnring  Idle  Time    ....    6 

Rental  Charges   6 

Plows,     Cost    of     Ripping     Up 

Pavements  with    B 

Qrading   S 

Railroad    S 

Rooter   6 

\^liiudn>g". '.'.'.'.'.'■'■'.'. '.'.'.  7 

Use  to  Open  Pavements    .  G 

Wing  or  Ditch 5 

Post   HoTe   Diggers    5 


Power,  Coiopuati 
GatoLiua,  J 
■Dd  Elritrx 


t   for   Ma- 


Pumi,,,.    AcreiwnM . 

.   CentrifDicBl    

CeutrifngaL  Hariionlsl . . 
OeDlrifugol.  Virtual  ■ . . 
OIuBificatioD  of   


DinphrBgi 

Tru  ' 
DredB 
High 


md  Filllnga  for  ... 


Siaking,  Verlieal  PIODEer. 
Stnm  Ovetiktti  Vacuum. 
Trenr"-    "--'  " ■" 


Hand  Owral 
Tnulei.  MouDted  dd 

Punrh.  Sluehine    

Prices.  Relalire  Indei.  of 


liattler   tor   Testing 


Jeinforcmg  Bar  Ben 
[CenUI  ChargFe,  Plai 


BiTot  Forma  . . . 

Rivcllng   Ouna    . 

Hammera  . 


Cont  radon' 

BBO,  G<41.  582, 


INDEX  a^ 

SS7       RWeta,   Steel   6 

FCoad  Aephsli  Plan!,  Portable.. 

373  Botliling  Trailer T 

Drsga    .418,  4 

Hone 4 

5SS  Mavbinea  and  Oradeis  ...  4 

lEaking    E<|ui|iiu»ut    C 

4B2  Oiling  lljchin*!}-    7 

729  Rulk'r  for  Bailtfllling 

.  Roadwork.   Con.rtlo  Forma  (or  1 

24  UiKer  Adapted  lor S 

BOS       Kolrera.     Coat    ol     Uaintenan-e 

e06  and    Operation        ....  a 

eoa  ComparatiTB  Cost  of  Oper- 

sea  ating    Sleam    and    Geao- 

600  line « 

Sflfl  Hand    6 

597  Hand,   Asphalt  Repairing. 

Hoiae   . « 

603  Motor    Road    fi 

606  Road,    for    bjcklUling ^ 

&team     8 

607  Rope,    I -re   of .6 

600  Flsltened  BIrand  Wire  . . .  fl 
Flat  Wire 6 

608  Hoisting,   extra    Flexible    .  6 

609  Hoisting,    Special    Flexible  6 

601  Hoi.ling.  Kon-Spinniog  ..  6 
85B                Hoisting.    Standard    fl 

Life  rf    6 

601  Manila  and  Sieal   6 

603  Spiiring,      Dicei'lioDa      for 

606  Wire  Bone ■    ■  6 

606  Strength,  Tensile,  of  Wire 

607  Rope  Compared  to  Manila  6 
4SS                Tiller  of  Hand a 

TraaemiBBion,  Haulage,  or 

8  Standing 6 

Wire 6 

SB  Variationa    in    Qualiir    of 

34a  UantU  e 

Sand  Blast  Machines 6 

SS3       Sand   CleBninE.    Cost   of    Hand 

613  and  fiatbine  Work...  « 

611       Band  Drier 4 

611       Sand  and  SrsTel  Waahen    ...  fl 

U12       Sand  Pumps 3 

Saw  Mills.  PorlaUe      fl 

615       Saw  Tablea a 

ttie       Sbv'b.    OiitHtB    tor    Cutting    olT 

Ptle<  Below  Wal^r  Level  6 

T46  PorUble   Combination    ...  6 

9!  Portable   \Vood«orher    .  . .  fi 

B9       Scales,    PlBtform    fl 

84  Track   6 

29  Wheelbarrow    6 

G17      ScarUten     t 

25  Scowa   and    Bargea      

73      Scrapan     (See     Grading    Ua- 

7S  chines)     .  3 

S74  Cost     of     RemotiDc     Dirt 

with   Power  Machinery.  4 

583  Drag    .......''._,.. _  3 

883  E''Hh"'  b       Wbe"f      nd 


84B  1 

Tonsue 4 

Scraprr  Kork.  brDnirHinu!!  4 

Bcmut,  (iiavrl,  lor  BiDi 

Reioltine     6 

Saod  ind  Coal 0 

„       Wagon     e 

ScrBw  Ja.ka    . .       4 

Separstori,   CamprnKd  Air... 

SlurpemnE   Uachinea,    DnU.  .  .  3 

Shear,    Machiiifa 4 

Bhealhinv.   Aibeatca 

Shrrt  FiTint.  Cost  of  ^'ork. . .  G 

Ship  Augera 3 

Shop,    Coal    or    Elecliic    Fowar 

(or     4 

Ma.liina     4 

Porlabla     4 

SboTeling,   ■  Siud)'  ai  Applied 

Shoieli.    CoDiparalire    Celt    of 
OpeTBlinE     with     Steam 

and  Elfclrkllj' 7 

Dwrirk  Adaption'!!.!.!!    7 

Etwtinc  Metbodi  T 

Oualine     7 

Oradiag  for  Railroad  Wock    7 

Hand   fi 

Ligbt*    4 

Fower.  Elerlric. '  Conaiiinp- 

tion  of 7 

Railroad— Tjpe  of  Steam.   7 

RMolTine    Steam    . .    7 

Repaira    7 

Signal!,  WhiMla   7 

Trselion.   Steam    7 

Shovel  Work,  a  Study  of  Sieam  6' 
Cubic      Tarda      Eiravated 
per  Dif  in  Varioni  Ua- 

teriab     7 

Shrinkaie    of    Earth    Embank- 

menli   4 

Sidewalk  and  Curb  Forma  .  . . .    1 

Toola     1 

Skip   Dumping   Device   for  Cb- 

Skipi.    Stone  and  Csblewaf...    7 

Bledg™   and   Hammera    7 

Sounding  Rig  for  Drilli    ....    3 

Spikes,    Railroad     « 

Spra>in^  M.K'binei.  Paint,..    .  5 

Spreader.    GrSTel         4 

Jordan < 

Plow 4 

Sprinklera,     Road     Oiling    Ua- 

rhinery     T 

Water     T 

Stay    Bendpra 

"^  with  "'sBoHne,    Gaa''  and 

ElectHf ity    5: 

Steam    Shovels    .   6! 

Stlmip  and  Colamn  Star  Bend- 


Slons  Boat!    7 

CruBhed,      Compariaon     of 
Cruiher       w'ork       vitlt 

Market    Pr<i«a    2 

Crusher    Plant   Output  2 

Storage    of    Plant'  DnrinV  Idle 

Slorehouaea,    Enploaivej     S 

Stamp   Clearing   with  Power  7 

Pollers     7 

Puller.    Hand    Power     ...  7 

Hone  Po»er ,  7. 

Removal  with  Donkey  and 

lYacUon    Engine     7 

Bleam    Drivsa     7 

Submarine    Drill*     . 3 

Surveying      and      Engineering 

TacDper,     Pavement     Breaker 

Tampeii,     Concrete     7 

TLB 7 

Tamping   Baia    .    . 

Comparative  Cost  of  Hand 

md   Marhine   TampinE.  T 
Comparative    Cost    of   Tie 
Tamping  by   Hand    and 

Pneumatic   Outfit    7 

Marhinea,     Power     7 

Tar  Heating  Keltlea    S 

Pouring    Pot     3 

Teaming.   Table  for  Eatimaliug 

Coat  of 4 

Teama.    Coat    of    Maintenance.  4 
Ooit     ol     Mainteoanca     ot 

City    Owned    4 

Telephone.     Coat    of     Line     for 

Connlninion    Service     .  7 

Telpher    Srttem 1 

Tente,     Coat    o[    FlooriDg    and 

Framing     7! 

Mule 7: 

Stable .  7 

WaU     7 

Thawing.    Ground,    Cost    of...  4 

around   for  Trenching    .  .  7 

Rig  tor   Froien  Sronnd.  .  4 

Thermit    'Wolding   Proceu     ...  7 

Tile.   Clay    Drain    5 

Tiee.    Cost   and   Life    7 

Coat  ol    t'nhladiog     7 

Railway.    Coat     6 

Required  per  Hlle  ot  Trark  T 

Tongue   Serai^ra    4 

TooT  Boies  and  Carta 7 

Tool  Bol    on    Skids     7 

Tool  Furnace.  Asiriialt 

I'ools,    .Asphalt    

Blafkamitll   Shop    

Boiler    Room     

Calking   Hammera    a 

Cement    'XVorkera      1 

Drill   Fishing    3 

BamnuTS     7 


ScDDPt,  aborelt  tnd  BpidM   'B 

Blcdsu T 

Torchn.  CoatrKtora"    4 

Tow  BmIb    7 

Tower.    Bill    of     Malerlnl    (or 
Dng  8e«i»r  Field  ToWfr    S 

Drai    ScrBpcr     2 

Excmaior    2 

To»m,      CompariaoD     between 
Steel    and    Wood    Con- 

cme  PUnu i 

CompariliTe  Cott  ot  Wood 

■nd   Steel    1 

Com  of  Concrrt©  Placing.    1 
HoiBtink  for  Coneiete  PiM- 
IDE  Equipment    .......    1 

TrictioD  Sn^ma  Hautin|  Cost.  7 
TraitlVB  Force  of  Loromotireg  4 
Tractor,  Oasoline,  CoiniHired  to 

Horaa     7i 

HauLinE  Coat  Compared  to 

Team      7 

Traulor.,    Ctane    4 

Oaa   and    Oil T 

Steam     T 

Track.  Cost  ot  Light 6 

Depreclalion    of    Raila    -  .    6 

FiiliplBte*  per  Uile    S 

Partlfiilan     Required    for 

Ordering 6 

Portable,    far    Road    Cod- 

Spikei    ....'.l'.'.'.'.'.['.'.'.'.    8 

Trailer  and  Motor  Trnek  Com- 

paralire  Coita 1 

Bottom'  Dninp  '.'!!!!!!.'!    T 

Ohania     . T 

Cruibed    Stone    Bpreader.    T 

Logginj     7 

One  Way    7 

Rcvenlble    7 

Road  Builder    7 

Semi  Trailer    7 

SPmlTrailer  Bottom  Dump  7 

Semi-Trailer   Chasais    .  .  .  .  T 

Spreading    787,  7 

Tranaito : 

Transmlaaion  ot  Compreaaed  Air 

in    Pipei    

Tranaporting   Conattuctian  31a- 

Traveling   EicaVaior    . . ... ...   2 

'J^enrMng.     Coat    with    Wheel- 
Type   EicaTalor    7 

ifachinea.  Cableway    7 

Hachine      Treniliing      tot 
Bricfc    Sewer    7 


Methoda        Empli^ed       in 

Sener  CanatTUitlotl    ...    7 
Progress  Diagram  on  Ma- 

chine  Treoebing   7 

Thaving  Ground  for 7 

Trancb  Bracea B 

Excaralor,       Steam       and 

OasoUne  DriTen    7 

Trippers  for  B*lt   ConToyora . .    1 

Truck,   Qaiollne  Cart    1 

Truck  Loader 7 

Truck    and    Trailer    Operallng 

Tmcka.  Pole 7 

Stone    7 

-^mber     7 

Two  HorsB  '.'.'  ...y.'.'.'.''.  7 
Trucks,    Motor,    Dnmp    Bodies 

for    . 6 

Coat  ot    6 

Factors  Bearing  on  Coat.  .  6 

TVpes  o(    - .  5 

rardage  to  Normally  Load  S 
Tuba,     Coal     Cooiraitora'     and 

Unlosder,  Car  Cbuu   1 

Unktading  Uarbine  tor  Cars  .  .   7 
Unloading  Plows    7 

Wagon   Chutes    1 

Loaders    ...  7 

Screena    8 

Wagons,   Comparison  of  Dump 

and  Horae 7 

Table  ol  CDSt'for  Haiilini 
Vsrioos  Malsrials  with-   7 

Wash  Boring    , 3 

WeWtng,  Cost  of  Pipe  Work. . .    S 

Joints     Wekling     of     Oas 

Ojcy-AfetyleiiB'    "■'.'■'- 8 

Thermit  Pntraas 7 

Weight    of    Mattriala    Handled 

by   Buckets 

Well  Driller,   Ele.trie  Driven,.  3 

Wheeled  Scrapers S 

Economic       Handling      of 

Earth  with    3 

Repairs     3 

Wheelbarrow,  Anilyait  of 8 

WheelbirroKa,    Caparitiea   of , .  8 

Concrete     B 

Coat  ot  Repairs 3 

Steel - .  •  8 

Wheelbarrow  Work,  Coat  of,  ..   8 

Wlarbra       , » 

Wire,   Blaaling    

Wire  R^e   (See  Rope)    S 

WoodwerW.  Porlabfe   8 
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